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1l x 107 BIT MAGNZTIC TAPZ RECORLZR DEVELOPMEN

ABSTRACT
The basic task of Raymond Engineering Labcratory, Inc.
(REL) under this development program was to design, develop,
test, and deliver one prototype 1 x 107 bit magnetic tape
recorder with the capability of multiple reccrd and playback

rates. Other design criteria are listed in paragraph I of

O

this report. Shortly after work began on this contract,
Jet Propulsion Laboratory (JFL) increased the four playback
rates. The original playback rates specified in the contract
of 21, 42, &4, and 168 bits per second were increased to 84,
168, 336, and 672 bits per second.

The 1 x 107 bit tape recorder develored uncder this
contract is similar in some respects to the design and per-

6

formance of the 1 x 10~ bit recorder, alsc designsd and
developed by REL for JPL under JPL contract number $50105,
Phase I. The major differences are: (1) the 107 bit recorder
is larger in 'size and capacity, making use of four tape tracks
rather than the two provided on the 106 bit recorder, (2) it
provides four record speeds and four synchronous playback
speeds instead of one each, and (3) it has an endless tape
loop having 700 feet of tape rather than the 330 feet of tape
used in the lO6 bit recorder.

The first step taken by REL in this recorder development

program was to make a breadbcard system of the transport and
Y p



—

REL Final ReportNo, 61¢
W.0. 1787

playback amplifier. Along with the breadboard developrent,

~a parallel program was conducted for designing and fatricating

o]

+
v

(V]

the components for the final prciotype transpo ssentcly.
After the transport and playback amplifier breadboard systen
had been completed, specific -“ircuits and sub-systens were
then breadboarded in a table-top rack cabinet. 4n extensive
development and test program of the breadboars electrenic
system followed, requiring several months to ccenrlete.
Following development and testing at REL, further
electronic breadboard tests were conducted at JPL, including

extensive environmental tests at type approval level. Upon

completion of the tests at JPL, which resulted in sorme

o]

mechanical failures, the recorder was returned to REL to

»

incorporate mechanical design improvements.

The preliminary study phase of this development progran

was concentrated in the following areas:

1. design and development of playback amplifiers
capable of handling the very low amplitude (less
than 100 microvolts), very low frequency (as low as
8 cps) playtack signals;

2. design and development of a completely new integrator
system (compared with the integrator system used in
the previous 106 bit recorder) demanded by the
requirements of the multispeed phase-locked loop

control system;

-

II.
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3. aesign of logic systems for data and sync signals

and for control purposes;

[}
<
2]
(¢
=
j
(YN
"
Q
&
o
«

L. design of variable vcltazge power suir

the multiple speed motor requirementis.

r

rmatic

3

In additien to reliably storing thre reguired infc ,

q
|

1ty ¢

[N
-,

considerable effort was expended in designing Ilexib

operation into the system. The recorder's ultimate use in

%5

the spacecraft required that it te possible to play back
block of data without disturbing the state of previously re-
corded information. To facilitate scanning, a slew or fast-
forward mode was built into the recorder. This slew mode 15
further enhancec by the use of a system oI Cdata block coculng.
Veans are provided in the systcem to identily the end of tare
rack. This device is called tre end-cl-tape sensor.

The engineering prototygpe 1 7 bit tape recorder built
under this contract meets the design and environmentzl re-
quirements of JPL specification 310094 and the lMariner Ln-
gineering Data Recorder Cazracteristics as shown in Rzl Oraw-
ing D1737-1. See Figures 1 anu 2 for photograriis of the front
and rear views reszpectively of <the 107 bit recorder.

Electrically, the 107 bit recorder meets JPL srecifications
with the excepticn of power consumpition. A meximum power ccn-—
sumption of 2 watts was specified; the 107 bit recorder has a
power consumption of 2.5 to L.6 watts on plavyback ana 2.7 to

L.8 watts on record.: JPL agreei in the contract to relax the

RS
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2-watt maximum power requiremsnt tc a value mutuvally agreeatle
to both JPL and REL.

The maximum specified weight of 10 pcunds has been exceeded
by approximately 1.6 pounds., The weight of the 107 bit recorder
is 11.66 pounds without shock mounts and 13.2 pounds with
shock mounts.. The overall size of the recorder meets the

specified 300 cutic inches.

/!
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Contract Reculrerents

The requirerents for
recorder deveglopment are

Phase 1I, as modified in

the 1 x 107 bit magnetic tare
dgefined in JPL Contract 650103,

Moaification No. 6 datea 1 May

1963 .

test, environmentally

type Magnetic Tare Recoruer capable of meeting the desi

REL's task was to

design, develop, functionally

test, and deliver one Flight Proto-

m
3

and environmental requirements of JPL specification 310034

entitled

"Mariner B Flight Zquipnent, Telemetering le-

velopment, 107 Bit Caracity, ZIngineering lMagnetic Tage

Recorder” dated 13 Septerber 1962,

Additional aesign

q

criteria for the prototype cevelor.ent were as follows:
YE &

Relaxation of the power, weight, and size
limitations in paragrarhs 3.3.19, 3.3.20, and

3.3.21 of JPL specification 310094 ss arrroved
j r

Packaging of the prototype to be cone by REL

paragrarh 3.4 of JPL specifi-

1.
by the JPL cognizant enginecr;
2.
in accordance with
cation 310094;
3. JPL to furnish the
logic functions;
L+ JPL to furaish one

Goverament-owned data
encoder simulator on a loan basis to be used

77
during the development of the 10’ bit recorder;
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5. Rl to submit « complete test rrogrem for

w

—————

the prototype which mzy mcdify the require-
{“ ments stated in paragraprh 3.4 of JPL speci-
) ficaticn 310094 wrere deernczd necessary. This
[J test program must be arrroved by the JFL ccg~

nizant engineer.

]

B. Brief Descrir+ticn of 1 x 10" Rit ¥ ~retic Tare Recaru-or

r - — ERELRL AT RECATLVT
L The lO7 bit magnetic tape recorder consists of a
o packaged sub-assembly which receives NRZ fully serial

L binary data on a single input line stores .his data

r; for an indefinite gperiod, and synchkronously supplies
r_. this data in NRZ binary form to a single output line

i# upon command.

The readout from the recorder is synchronous with

< i

the bit and word synchronizing clock signals from

—

the data encorder system of the spacecraft. Appropriate

buffer stages and logic circuits are provided as part

.

of this magnetic tape recorder to achieve a synchronizec
"~ readout. The recorder's performznce charzcteristics
- are as follows:
L. Bit storage capacity I x 107 bits (minimum)
r Record rates 336, 672, 1344, and :
L . 2688 bits per second
. Playback rates 84, 168, 336, and 672

{ bits per second
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Lrror race L

Input impedance E

ess than 1 in 10°

qual to or greater than

10 kilohms unbalanced

to ground

Output impe ce Equal to or less than 1
kilohm unbtalanced to
ground

Input voltage
Output voltage

tart and scop time
the record r.ude

-
m
-
)

-

5 Tl 5 volts

L.5 +1.5 volts

to «r less than

qual
seccndys

DESIGN PHILDSCPHY FOR LEVELCEXENT OF 107 BIT RICORIEK

The realization of a successful
recorder was met with the KEL llodel

built for JPL. This machine used a

tape reel utilizing 1/L-in. wide tape and enployirng two tage

tracks. Because readout was to te
JPL Mariner spacecraft clock system

locked loop servo system was design

digital satellite tape
1€5¢ 10" bit system

33C-foot endless locp

synchronous with the
, a veryv stable phase-

ed which proved to kbe

extremely reliable. This phase-locked lcop made use of

one of the two tracks, leaving the cther track for data

use. Data was recorded in serial c
tape packing density of 27€ bits pe

With the success of lodel 1656
at the request of JrL, the task of

a recorder system having a storage

bits. The record - reproduce system of this 107 bit

recorder was to incorporate four re

onfiguration at a

r inch.

in mind, REL undertook
developing and building
capacity of 107 digital |

1

cord and four playbacx




density end increasecq tape footage.

The state of the ars at tre time this cevelcypment

program cormesinced Ci¢ not permit the use of racring densi-

ties in excess of 5720 bi<g rer in-h per track. In order

to serially record 10 bits of aata on a single track sys-

tem and use 00 bits per inch, a tare length of aprroxi-

Rzl Final Rerort No. 412 -4-
wW.0. 1787
rates. These new recuiremenz: aictsated increasca pacxing

mately 1660 feet woula be recuircd, which was rot Fraciical.

By using three tracks, tre 1660 feet is recucea Lo approxi-

mately 555 feet. If a more conservative packing density

of 40O bits per inch rer track is used, the rcgquired lengt:

would be about €32 feet,
Other means of recgucing tare length are to reduce tar
Speed or increase the nunber of data tracks. hil's rast

experience with low tape sreeds indicates that 0.0l ips i

Y

the lowest practical tape srecu obtainable with today's

state of the art. A maximurm of four tracks can te chtaincc

with 1/L-inch tape. Further increase of the number of
tracks results in serious degradation of the signzl-to-

7

noise ratio due to the narrow widths. Therefcre, the 10

bit system was designed arcund a 700-foot enaless loor tape

and three data tracks. The sync system requi

[}
~

€¢s one rmore
track, making & total of four tracks.
The unique requirements of multirle rate record and

layback operation rremrted considerable effort to be ex-
&

pended in the areas of variable speed motor drive systems

-

?

/

L
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low level amplifier de

"

-
S

)

Q)

“

&)

~

Three of the most ort

}J
"
L

size, minimum weight, znd min
sign consicerations
complexity of

The total

Py
v .

that incoming

-

being stored on tape. It wzs

o]

3

i

more complex due to

[

ct

.50 directly

data must te extensively treated prior

mum power, imposed
t

therefore,

Tmoler speed control systems,

requirements, minimu
affect

the fact

necess

[N

ry tw

a number of logic circuits and associated control systems.

o

ITI. DISCUSSICN Or MZCHANICAL

i A. Weight
The maximum

corder, when fully rackag

preliminary estimate,

[t |

{. 13.2 pounds with vibraticn isolatcrs.

do not include externzlly

uoSICGHN

weight of the 107 bit

ed

fication 310094 to be 10 pounds.
and the

weighs 11.£6 pounds without

mounted electronic

approxigate weight breckdown of the recorcer
& ’

is specifiea in

This 10 pounds was a

finel taype recorder

vibration isclators and

[48]

These weights

A
A0

not in-

cluding the major portion of electronics which is ex~

ternal to the

Rotating mechanical
and miscell

Motors

Covers

transport assembly, is

modules
aneous haraware

as follows:
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{’ Cover haruwarc
Playback emplifiers

[ Chassis

Reel assenbly

b '
1Y :

Vibration isolators
and hardware

TCTAL

B. Size

L ]

0.30 1b

1.08
2.72

1.27

11.66 1b

1.5

13.2 1b

"JPL specification 310094 states that the vclume

of the magnetic tape recorder, when fully packagea,

@

~

volume of the complete assembly, except for e

4

within the 300 cubic in-~hes s

t i \”3

tion isolators will occupy slightly less th

fogN

-
i

5

shall be egqual to or less than 300 cubic inches.

e

(@]

20

The

tren—

e ik

ics and vibraticn isclatorsz, is 200 cubic inches, well

Trhe four vibra-

cubic

inches. The recorder chassis dimensions are 7.37 in.

long by 9.0 in. wiuse, with & thickness from cover-to-

y

[

connector protrusions and v
ternal electrenics are also exclucded.

C. Tezre Transport Svstem

4

— “S"T — —

bration isolstors.

cover of 4.0 in. These dimensicns do not include the

EX—

REL's previous experience with the double capstan

system to drive tape prompted the incorporation of
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this aesign in the present unit. The princigle of
the dual carstan drive system is discussed in the
following fparagrarhse.

Any tare reel &gssembly is subject to mementary
increases in tape friction. This is particularly

-

true of endless loop configurations, since their suc-
cess requires that individual turns cf tare slip
against each other. This cumes atout Jus to thre

fact that tape is being pulled out of the pack at thle
center hub, & small diameter, and teing played back

into the reel at the outside of the pack, a much

3

larger diameter. Zqualization of tare moverment rela-~

[ =)

tive to the withdrawal velccity can only take place
if the remaining tare in the reel can slip to make ug
the required difference. In oracr to isolate these

minute irregularities from the criticzl srea of thLe

,

tape heads, a dual capstan methed is used.
Tne upstream capstan imparts initisl driving power
to the tape, thus determining its velccity. The down-

stream capstzn is then used to draw the ¢ ros

QO
9]
5]

re &
the heads. he two capstans have a speed aifferential

turns

o

on the order ¢f 2.5%. The downstrean capste

at a faster rate; and by proyer zdjustrent of tensicn

belts, it can be made to slip at a very constant rate.
’ P

If this action takes place, the upstream capstan will
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then be the cintr.lling fector concerning t1ape speed.

The downstrezm ¢sp:ian assures tape tautness and isc-

-

latiorn of reel-produced irregularities. Were this

p—

approach n>t t:zken, sericus degradation of signa
quality w:uld resu.t. Flutter components would be
introduced by winuwz velicity variations and amplitude
modulzstion effects due te non-uniform tape-to-head
contact,

Earlier recorders, used rubter pressure rollers to
force the tape into centact with the carctins. One

7 bit recoracr is that

of the requirencrt:z of the 10
it nct be in operaticn auring lzuach. nuttcer rollers

i

I

develcp serious gent allovweda to stznd idle for =

w

oy

- -
4o

long pericd of time. As a means cf eliminzting ¢t

problem, R&L ha: developed and preven a Myl-ur tensicon

¥

belt system which overcomes all of the rprcetleuns causea

by rubber idlers and 2150 peraits much nore control
over the adjustment ol operating parameters.
Two motors, ore f>r reccrd and core for playback,

~
4

are used in the 10’ bit recorder in order to provice

b=t

the eight different tape speea: required. iechanica

y-de

ect

et

tape sreced ze
would have providei whe regquired speed 1 onge but would

not offer the relizbiiity re
Y

Ko

uired fir this tafe re-

corder,

~r. mett.ods that use belt: and clutches
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Othér methods were investigated, such as the pos-
sibilfty of using a multi-polar motor winding. How-
ever, this would necessitate the switching of many
pairs of motor leads and was eliminated as a possi-
ble means of previding the multiple speeds required.
- REL decided that a more efficient method would be to

simply vary the frequency and voltage used to operate

the synchronous motors driving the capstans.

—
v i

To allow the use of two motors, one for record

L and one for playback, two slip clutches are used.

[~ Bach clutch consists of an input pulley having a metal
surface which is axially aligned with a high-slip sur-
face on the output pulley. These two pulleys rotate

within a helical spring which will slip only when the

-

relative speeds allow. This couples the record or

playback motor to the capstan system only if the speed

rr——
L '

ratio so permits. The clutches are arranged so that

[‘ whichever is driven faster will lock and drive the
capstans while the other overruns. This method ac-

[J complishes selection of mode and speed by merely

[ switching power to the proper motor.

) D. Tape

The 107 bit recorder was originally equipped with

—
3

Minnesota Mining and Manufacturing Company (3M) LR1220
‘ tape. During the first series of engineering ac-
;-
— ceptance tests conducted at JPL during June, 1963, e

the LR1220 tape failed due to its inability to
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withstand the Lemierature extremes and due to a
mechanical defect ip the transport. As a result, 3N
LKk1353 tape was then tried in the recorder as it ig
supposedly able to withstand the required temperature
extremes of -10 C to +75 C.

The LR1353 tare and scme design changes resulting

au

from the JPL tests were incorporated into the machin%
and it wss subjected to extensive testing at REL. It
drpeared -hat the Lik1353 tare would be satisfactory,
and the machine Was hand-carried to JPL for a second
series of tests with this tape installed. During
this series of tests helq in Cctober 1463, high flutter
develored when operating at the temperature extremes.
The machine was again returned to LIl for additional
study and redesign. The acticns taken by REL, other
than on taye, as a result of these tests at JFL are
discussed in Faragrarh V.Z of this repert.

Analysis of the machine showed that a low
frequency component was evident after modifying the

capstan sre:d differencial, This was occurring at

2.

the caprstan rotaticnal reriod and was due to a build-

&
o)

up of foreign matter on the capstan. This foreign
matter was the shedding of the oxide from the active
surface of the LR1353 tape. Micrescopic examination
of the tape indicated that loss of oxide h.d occurred

and there were some small areas that showed complete
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The machine, while inorerative, was baked over
’ night in an inert gzs atmosphere at 80 C. On the
following morning when attempting to manually advance
i the capstans, it wis discoversd that the tape was
r- stuck to the capstans. When motor Fower was agprlied
.
. to the machine, the capstans were freed from the tape.
a Ficrcscopric examination of +<he tare areas that had
‘ been in contact with the capstans revealed that oxide
i‘ had been removed from the tape. The oxide had built
b . uUp on the capstans to such an extent that the flutter
i amplitudé increassd to greater than 6%. It vecame
(“" necessary to clean the capstans in order to reduce
) the flutter to its normal value. This test was
repeated with the same results.
. The machine was then reduced to room temperature
‘e and operated. The oxide build-up was still evident
but at a slower rate. It was still necessary to clean
) the capstans in order to maintain a low flutter level.
T: The tests were then repeated using a new pack of
. LR1353 tape at both 80 C and room temperature. The
.. results were still the same. The LR1353 tare was
o then~replaced with the originally used LR1220 tare.
- The oxide build-up provlem was eliminated.
) REL conducted several tests with the same LR1353
”. tape pack in the transport as useda at JrlL,.
L

N
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e This cape pack had seen at least 500 complete passes
since it had been installed. Little or no informaticn
concerning the long term stavility of 3N LR1353 tape
was available. It had been originally installed
L. since it was believed to be superior to LR1220 for
r high temperature operaticn. Examination of removed
ball bearings showed an accumulation of foreign
particles, Scme bearings ccnzained dirt icentified
as Graphitar, the substance used in the spring clutch
. assemblies. However, some doubt still existed con-
re cerning the other bearings. The possibility of tape
‘ lubricant and oxide flaking off of the tape and
a getting into the bearings still existed.
Information was received concerning the graphite
. lubricant used cn the LR1353 tape. 1t agppears that
ra gravhite will lo;e its lubricant properties if
operated®* in tctal absence of oxygen or water vapor.
Tests are being conducted at KEL to determine the
validity of this theory.
i Since funds for further investigation had been
— exhausted, the 107 bit machine was returned to JPL
for operating tests. The JFL Cognizant eagineer was
advised of the problems existing in the area cf targe
stability, and it was mutually agreed that LR1220

,
l_‘ tape would be installed in the recorder. This ger-
[; mits reliable room temperature operation but does



REL Final Report No. 618

W.0. 1787

-13-

not allow operation of the machine at the temperature

extremes.

Tape Reel

The tape is housed within a 5-3/k-inch alameter
enclosed reel. This reel is mounted at a 5¢ angle to
the main plate. The locp pack revolves on a bearing-
mounted central hub in the form of a right conical
section from wrhich the tape is pulled. Withcrawing
tape from the inside causes rotation of the pack so
that tape will wind on the ocutside. One flange of
the tape reel is provided with several rollers having
their axes along the diameters of the flange. These
provide bearing surfaces for one side of the tape
pack. The other flange rotates with the hub and pack.

The tape pays out of the hub at an angular
displacement of about 45° from its normal capstan
approach plane. A wire guide is provided at the exit
point of the reel to control the path of the tape soO
that it willvapproach the upstream capstan in a
parallel manner. The original wire tape guide had
a tendency to serrate the tape edge causing an
increase in effective tape thickness. This caused
the reel to eventually bind. As a result, & new
wire guide was designed which éliminated this problem

and is currently installed in the machine.

~
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" Fo Tare Sreed
V Initially, JFl specificaticon 31009 indicatea feour
data rates to be used in the playtack moue, the lowest
being 21 bps. K. L's consiaersble jprevicus exgpericnce
.
L in low speed tape crerztion inai-sted that a tape sreed
r of 0.0l ips was the ninimum tape 3p2ed cobtairable within
{
the present statz of the zrt. 4 rew of the rrobvlims
- X : ;
i occurrirg ot tris cpesd cre:r (1) very lew hesa ~oipur,
[ - o
. less than ICOAV | (2} Jew signs? Irequency which rlnacos
’
Lo sericus demznds on the signal arp’ifiers, and (3) flut-
re ter and jitter cowmponents which ceuld have a2 cetrinentsl
L-
effect on data recenstruction.
@ . | .
: Since we have three data tracks with a acnaity of
[
400 bpi per track, a totzl racking density of 1200
. bpi results. Therefere, 1200 x 12 = 1.44 x 10% bits per
- foot of tare, yielding abhaut 700 fuat of tare. 4Lt the
L 2 - .
lowest playback rate of 21 bys, »El— = 0.0175 inches
1209
[ per second whicl, was the lowest ylayback speed.
At the otter crtreme, the highest recora rate is
L 2688 b Thus, 2582 = 2.2 i his spced posi
L. [Se US, 1355 .24 1ps, this speead posing no
[h froblem.
N Tape sreed is airectly rroporticnal to data rate,
L i.e., if the datas rate is doubled, then the tare spced
Lo
must be dcubled. Tapc speeds of 0.0175, 0.0350, 0.0700,
‘L. and 0.1L0 ips were estzblished for the playbzck mode.
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.- In the record moue, 0.22, 0.56, 1.12, and 2.24 irs

were determinea to fulfill the four record rate re-

r: quirements.
}
L
Shortly after Rel had started this development
[‘ program, JFPL warned of a forthccerning increase in play-

£
back data rates. At the JFL-R:l conference held in

L

August, 1962, the new playback 1ateus were estatlished

r at 84 through 672 tiis per socont.  Becauze of this
“
incresse in playback rates, it was necessary to lncresse

™

the tape speeds as fullows:

[‘ Playback Rate Tape Syecu
- (bps) (ips)
‘ . 8L 0.07
“ 168 0.14
336 0.28
L.
A fast-forward mode, designated slew, is included
L‘ as an cperating requirement. This slew makes usz of
re the 2.24 ips tape speed ana is electea by proper pre-
L ) . s
gramming of the control system. This mode is ¢f value
[; when scanning the tsre to return to the beginning of the
tape pack. In order that the exuact bteginning cf the
L tape cycle be accurstely kaown, an electromechunical
" device, the end-cof-tupe sensor, is included in the ae-
- . '
sign.
e . : :
; More conventicnal systems employ a mechanical timer
| -
. which operates from the reccra mede pulley system and

7
N
T~
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inciceztes the end of each tepe passare. This methcu

was not accurate enough to meet the requirercnts set

forth in JPL specification 31009. DlMost ti

3
-~
w

rs r

At
¢

it

L)

subject tc belt sliprage and cznnct compenssate fo

la

c s . 7 . X
variations in tape length. For the 107 unit, a number
of methods were investizsated, including photcelectric

sensing of =z fixed merk on the tape and the use of

conductive m

QO

terial ¢n the tape sprlice. It seemed
that the latter methcd, the use of 2 splice sensor, was
the only one offering 211 of the advantzres of a true
tape ena iadicator ana ¢id not have the usual weaknesses
of con&entional mechanical timers.. A detailed descrip-
tion of the oreration of this system is given in para-

graphs III.I and IV.F of this regpor:.

Motors

In an effort to ren=zin within the desired jpower
consumpticn gcal, motor design became very irmrpcrtant
as the motors use most of the total power., With mctor
efficiency of p}ime importance in this particular re-
corder, considerable time was devoted to preyaring
motor specificatiopsf e C. Roters, one cof the few
qualifiec sources, was selected to perform this motor
developrent which took several months to complete.

A typical motor when designed for and operated at

its maximum conversion efficiency very often Lunts.

This hunting effect comes about due to the equivalent
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spring mass system as Eroduced by the motor and its
rotating load. Therefore, REL had to be careful to
avoid this critical area. This could be done only by
sacrificing efficiency. The motors were builtlto pro-
vide maximum electromagnetic efficiency and maximum
shaft torque per milliwatt of input power. Appendix I
shows the tabulated results of tests of both motors.

Initially, it was planned to provide two motors
in the 107 bit recorder. However, it becarme possible
that one motor might suffice rather than two with the
new playback rates. Further action on the motor pro-
curement and the mechanical design of parts was tempo-
rarily halted at that time, pending a firm decision
on the new playback rates. Tests of speed control at
the higher playback rates would be required to deter-
mine motor requirements. Speed control tests were then
conducted over the new playback rate range of 8, to
672 bits per second. At this time it was decided to
retain the two-motor configuration, including & sepa-
rate power supply for each of the motors.

An experimental rlayback motor was ordered from
H. C. Roters to investigate speed control. To speed
up procurement, only the torque requirements were
specified, leaving the mechanical details to Roters.
Various difficulties were encountered with the experi-

mental motor which delayed development somewhat at

AR N
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that time. The breadbcard niotor power amplifier sup-
{. plieq, to Rote}s was damaged in shipment. OJelays were
[. incurred in receiving the amplifier back at RzL, re-
) pairing it, and returning it to Roters. A circuit

failed during the initial motor test, probably due to

—

exceeding the maximum voltage limitation of the motcr

3

drive transistcrs. After considerable delays due to

- damage enccuntered in shipment of the motor amplifier

I on two aifferent cccasicns, the motor was finally in-

[' stalled in thle breadbcard and initially tested in late

‘ September, 1662, The phase-locked loop was operated

L‘ briefly at &, 168, 336, and 672 bits per second with

T’ encouraging success. ,

L Each motor is required to operate at four speeds.
T As stated earlier, this is accomplished by selection

N of input frequency. Input voltage must be varied

: also in order to maintain the ampere—turns’%orque re-

~ lationship.

- It has been found that synchronous motors can op-

[* erate over a maximum speed range of 8:1. This figure

) is limited by such factors as possible cogging at mini-

[: mum speed and problems of bearing life at the high
. end. The selection of motor shaft speed is based ugon

[a the best possible compromise consistent with life ex-

I. pectancy. The motor shaft speed is then reduced to a

! suitable capstan speed by the use of pulleys and endless

»

[ | s
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- Mylar torqgue trarsmizsicn telts,
- Usually the mitor speed should nct exceed 8C00 rpm
[~ if life greater than 1000 hour: is aesired. The mini-

motor supply, resulits in a zpeea <f 1000 rpm. The dig-
advantage of this system i1s the magritude of bearing
losses at higher speeas and lower temgeratures. It

[“ was estimated thzl tho aotar showla devel.p 3 s:uft

torque of C.1 ir.-cz at 8000 rpm. Tonerefcre, electro-

[: magnetic torque must be 0,22 in.-oz to zccount for the
. losses at low temperature. Tnis torque, at a speed of
. 8000 rpm, is equivalent to power of 1,33 wattz.

f“.. REL was requested by JPL to furnish informaticn on
- the relative complexity of cther mechanisms to provide
[‘ data rates other than those within the present score.

. The items investigsted were:

[, l. provide switching in the present mechanism so

re that the playback mctor can be used in record-

ing 336 ana 672 bps;

use just one motor for four record rates and four

G
N

identical playback rates;
¥ H

G
VS

add a motor to (2) for recording at 21 bps;

use two motcrs, independent of mode, one for 21

L d
-~
.

- 168 bps and the other for 336 - 2688 brs.
At a meeting hela at R:lL with JFL in mia-Septenter,

1962, it was mutually agreed that extra switching would

- ™ “iiﬁ

L
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not be included which would allow recording with the
playback motor at certain rates.

Roters' first step on the record motor was to
build a model to determine rotor-stator parameters.

At this,time it was decided that the playback motors
would be identical in power level to the record motors.
During H.C. Roters' final testing program of the
playback mit-r, iv wus discovered thit the mcuor coula

not develop sufficient torque at minimum temperature.
This necessitated the fabrication of a new rotor which
further delayed the delivery of the playback motor.
This particular slip on the playback motor was longer
than usual and was attributed to a combination of cir-
cumstances. £Zarly in the design, general fabrication
troubles caused Roters to completely review the design
and build a special test model. As stated previously,
when the design was finally completed, it did not meet
REL requirements. A month was required to fabricate
new parts and retest the unit.
Heads

An initial study of the problems caused by the very
low playback speeds of the 107 bit recoraer indicated
that a significant gain in recovered signal amplitude
could be achieved by using two coplanar blocks rather
than conventional in-line heads. Therefore, the lQ7

bit recorder is provided with two sets of interleaved

2/
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[‘ coplanar heads. These two sets of heads were completely
i analyzed during the development program. The hLead
[j specifications are given in REL Dwg C1737-102. A new
- source for the heads wzs selectea, INMI lagnetics of
L

Glendale, California, who have more exrerience with
[’ high temperature and multi-track problems than REL's
previous suppliers.

Since the existing mechinical breadbosard did net
have enough distance between capstans to permit simul-
taneous mounting of the two coplanar blocks, a new

chassis plate was fabricated during the initial evalua-

. . tion of the heads. Tests were conducted to determine
{‘ the® combined effects on skew and gap scatter which
, are measurerments directly related to the geometry of
l- .the heads of the .coplanar heacd zssemblies. Paragrarh
E' V.B.L of this report descrives these tests in detail.
rour tracks are provided on the tape --.threg data
" tracks and one sync track. The selection of the sync
- track was based upon the results of the skew and gap
L. scatter tests referenced above. Since the head gap
[1 scatter and skew tests were rereated using each of
- the four tracks in turn as a reference, an excellent
[: analysis of the poorest conditions could be made. As
a result of this analysis, it was determined that the
[. best compromise of gap scatter and skew was achieved
L: using track 2 as the reference. Figure 3 shows the 7
-
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[‘ plotted wave forins of gap scatter and skew tests,
I. End-of-Tzre Ser:sr
[ﬂ One of the requirements of the system is an end-

of-tape sensor which provides a signal when the end
of the 700-foot tape pack hss been reached.

The end-cf-tape system ccnsists of three perts

(see REL Dwg B1737-5):

(1) The statisnzry contact sssenbly, sericc, wh
also serves as a2 tape guide. The zonsor con-
sists of two coils of Paliney wire wouid in
close proximity to esa:h other, A scacing of

about 0.050 in, is used tetween the tws co cils

——~
n
S

L gold leaf aprroax

4o

mately 1 in. laong is bonded
to the oxide side of the tape. As the gold
passes cver the coils, they are electrically
shorted wrich completez an external circuit,

(3) The aszociated eiectronic enc-of-tape pulse
shaping circuit is discussed in paragraph IV.r
of this regport.

'

This end-of-tape system provides a multi-roint con-

tact. This reduces ary pessibility of introaucing noise

ry
%)
bt
«

and greatly improves relianilivy,
The first tape splice sensor tried was of the seg-
mented washer configuration and was supriiea by the

head manufacturer. This sensor was used with aluminum-

-t
3"
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backed splicing tape. The 1nitial tests of this splice
Sensor in the me<tanical bresdbesrd WEIe UL very en-

couraging. The aluninum ocxiuge ths is :crLalfy
on the surface c¢f the splicing tare prevented proger

contact which could nst be cttaired withoun resortin

.

to abnormal tape wrap fressurez.  Alsc, the tape lub-
ricant was tc¢o €354 3 conductor. The zer:ov had to

s -
contact ooluhricatea surface

UL Ll Ll tagpe weith oroq
design.,
zfforts were tren directed to oi%ix 4 sulrnzble

actuatirg mat-rial on the oxice side of tre tape., It
was believed that g414 foil would be
none coula be foun: witn satisfzctary

Several methods c¢f toraing the gola foil ts the tare

"

were tried, includirnz shellas with 1 Zultable ~hin-
ning egent and Flictqond 20 with methy! ciny!l ketone
solvent,

The next step was to attach sever .l z01d foil
strigs to a 7C0-fca- Ltafe loop using Lotk oo
methods of bonding. This tare was installed in the

breadtcard ariv Siemmb

Yy aidng with tt.. S3052r an

(¢4
Q3

operated a: much az ;- ble

Q,
W
$ae
ct
9]
€
a
-
[
"y
1
L
i
«
4]
>
-
m
-t
]

ing Eroblemz, It v.as zot up to determin. sltether or
not the oxide wrculd weur away CUhe zensor | ~ntog

faces, whether the lubricant woula affect

~t
0
4
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19
o
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and whether the foil would be damaged in any way
during continual moticn. In addition, the suitabil-
ity of the bonding methods was determined. The splice
sensor completed approximately 1000 c&cles of opera-
tion and then it became short circuited by a deposit
of a.lubricant-oxide mixture. The conclusion was
that the adjacent conductors of the sensor were too .
closely spaced. Alternate sensor designs were inves-
tigated and the problem eliminated. Also, it was de-
termined that Pliobond 20 with methyl ethyl ketone
was the most stable method of bonding the gold foil
to the tare.

A new tape with new gold foil was life tested.
The results showed that freshly lubricated tape
would not cause contamination problems. After about
LOO passes, the foil began to crack and scme foil
separated from the tape. Examination showed that
either the foil had moved along the tare or the tape
had expanded or contracted relative to the foil. These
particular tests had been conducted without allowing
sufficient time for the adhesive to set-a possible
cause for the failure.

A short tape loop was installed in the breadboard
tape transport on which two foil strips were attached
with a 50 per cent mixture of Pliobond 20 and methyl

ethyl ketone solvent, allowing a day for curing. -
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These foil strips completed 4LOOO passes after which
crackin% but no flaking;was observed. The test was
repeated with increased tape tension and a greater
tape wrap angle at the capstan. It was found that
the tape tension and wrap angle had to be increased
to abnormal valués before damage due to wear would
occur.

Following masy adcitional tests, it was found that
a Paliney wire sensor with a gold foil actuator proved
to be the best combination. A gold foil thickness
of 0.0003 in. was quite flexible and showed very good
life. Spacing of the sensor coils was modified and
the surface finish controlled to eliminate particle
clogging. This end-cf-tape sensor proved most ade-
quate for the 107 bit recorder developed under this
contract. However, the bonding operation is quite
time-consuming and costly. In addition, a possible
source of trouble could occur in the mixing and cur-
ing of adhesives. The entire operation does not lend
itself to an efficient manufacturing process for
flight hardware.

Near the end of the 1G7 bit recorder development
program, investigations were directed toward finding
a means of eliminating the gold foil bonding orera-
tion. It was hoped that a suitable material could be

found that would be spliced directly into the type

¢y
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r pack. This new materisl must have high mechanical

strength and excellent electrical conductivity.
[’ A commercizl Nylar rmaterizl with either aluminum
i or copper foil laminated to it was obtained. While
(‘ no specific information could be obtained on the bond-

ing adhesive used because it is Froprietary informg-

T3

tion, it was determined that the adhesive apparently
(‘ had the follewing Characteristics:

(1) a very high cure temperature, arproaching

M

that of Mylar,
(2) stable mechanical and thermal properties as

evidenced by its resistance to at least ten

[“ extreme thermal shock cycles covering the
i range of -30 C to + 125 C,
[“ (3) the substance is chlorine-free and chemically
) inert,
L
With reference to (3) above, studies are presently

L_ being conducted to determine the extent of cut-gassing
. at low atmospheric pressures.
L It is possible to gold plate both the coprer and
[: alurinum laminates so that good electrical conduction

occurs. Since the gola plated laminazte arpears to be
{‘ superior to the gold foil, the final 107 bit recorder

shipped to JPL in November, 1663, incorporated the gold

L. pPlated copper laminate sensor splice. .
S7

rv”‘w
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J. Covers and Container Sealing

Two covers, each containing an intergrally molded
'Viton Gask-0-Seal, attach directly to the chassis.
Both covers are 8.98, in. long x 7.353 in. wide. The
cover for the rear of the chassis is 1.866 in. deep;
the front cover is 1.384 in. deep. The Gask-0-Seals
behind the connecters affect a hermetic seal to main-
tain atmospheric pressure within the asswmbly. Loss
of pressure could cause rapid evaporation of lubri-
cants and other possible defects leading to early
failure of the tape recorder.

Initial data received from the Parker Seal Com-
pany indicated that their leakage rate was reasonably
close to the predicted values. REL insisted that
Parker measure leakage both at room temperature and
at 80 C where leagage is usually several times greater.
Initial leakage measurements of the covers yielaed
expected values at room temperature but excessive values
at 80 C. By coating the inner surface of the covers
with grease, this rate was reduced. Zven though these
Farts were fabricatea from rolled stock rather than
castings, it appeared that vacuum impregnation was es-
sential. It was determined that although the leakage
is not excessive in terms of a one year mission, at
80 C the covers were apparently more porous than others

made from similar stock. An attempt was maae to

-
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determine whether fused tin plating would yield
a worthwhile improverent, impregnation having been
of limited value according to Parker's test.

When the transport was brought to JPL in accordance
with a prearranged schedule, the covers were still
being tested at the Parker Seal Company. Consequently,
it could not be determined prior to delivery whether
a gogd seal could be cbttained with a particular set
of hardware. These covers were later obtained by the
RZL engineer assigned to the evaluation and were in-
stalled at JPL. The Farker Seal Compgny indicated
that their initial tests showed that the fused tin
plating was not particularly successful in reducing
the apparent porosity of the magnesium base metal.

The results of the leakage rate tests conductec at JFL

and the problems encountered during the tests are given

in paragraphs V.D. and V.Z. of this report.

Vibration Isolation

| In order to operate successfully during mild vi-
bration and to survive severe vibration and shock, it
1s essential that the transport mechanism be Erotected
by vibration isolators. The vibration isolation prob-
lem was initiated by further investigation of the RZL
désign of the isolators used with the lOé bit machine.
Along with the further study of the RZL aesign, several
design proposals and cost estimates for fabricating

the isolation mounts were sought from subcontractors.

- ‘L—:l - L—‘ L/,///,.
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[
[
i
[
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M. B. &lectronics, Lerd, ana Barry were arong the
vendors contacted.

Cutback of the project funds grecluded any further
developrment of shock mounts. The matter cculd not be
pursued any further without large expenditures of both
time and money. RZL decided to use Lord HT 1-10 shock
mounts. While these units proved to rperform quite well,
a better vibraticn system could have been sbtainea vith
more time.

It was apparent that REL's original value of trans-
e missibility or Q@ of the system was substantiated. The
| . Q appeared to be slightly greater than 2.5. The rescnont

! frequency was 40-45 cycles for the full packazge.

L
L
[
[
[
i Unfortunately, the JPL mounting data was received

[ too late in the project to allow the construction of

[ sorhisticated brackets. When the JPL mounting data was
received, it was alscovered that the original mounting
{ holes located along the chassis plate of the recorder

- could not be used. 4 new set of mounting holes had to
L

[

be drilled in the recoruer main plate. This resulted
in the use of a mechanically poor mounting bracket con-
figuration.

[: IV, DISCUSSION OF ELZCTHON&C DZSIGN AND DsVEZLOFMuNT

A. Power Consumption

|
}
|

[. Initial power -calculations ana analysis indicated
[: that the recorder power consumption would be consiaerably

—
ey
.
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higher than usually necessary because of the variable
speed feature. The initial calculations were based
upon experience which indicated that at 8000 rpm, the
electromechanical conversion efficiency would be on
the order of ,LO per cent. Motor input, therefore,
would be 3.31 watts. The breadboard power converter
to be used and operated from the 2400 cycles per second
power source was designed for an efficiency of 70 per

cent. Thus, the total power taken from the 2400

‘cycles per second line would be about 4.7 watts. An

additional 0.1 watts from the *20 Vdc source would be
used to control the 2400 cycles per second converter
and some motor drive circuits. An extra 50 per cent
must be allowed for starting transients wnich brings
the peak power consumption up to 7 watts mcﬁantarily.

The initial power consumption calculations were
based upon original motor data. Because of a few un-
controllable parameters, such as bearing drag at higher
motor speeds, the final power consumption was higher
than originally anticipated. The bearing data supplied
by Barden was probably conservative, which affected
the calculations.

The recorder power consumption is considerably
Qirrer than normal because of the variable speed fea-
tur.. The power consumption of the 107 bit tape re-

corecr is as follows: Playback -- 2.5 to 4.6 watts,

¢.pfnaing upon speed; Record -- 2.7 to 4.8 watts,
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depending upon speed. REL's approach was to obtzin

the best possible efficiency under the variable speed
conditions required of this recorder. The programmable
power supply helped to obtain this efficiency.

Programmable Power Surpply

The purpose of the programmable power supply is
to provide dc voltage to the record and playback motors.
This is programmed from data rate selection logic lines.
There are two programmable power supplies in the 107
bit tape recorder: REL Dwg D1737-73 shows the reccrd
proérammable power supply, and REL Dwg D1737-74 shows
the playback programmable power supply.

The programmable power supply design was approached
with efficiency utmest in mind and with suitable cir;
cuit flexibility in order that the system would be
compatible with the available logic control systems.

The original motor power supply program centered around
attempts to design a system enbodying phase-controlled

rectifiers. A considerable number of approaches were

.tried and none of these were acceptable.

A method was tried using R-C phase shift net-
works to control firing points of conventional silicon-
controlled rectifiers (SCR's). While this method is
about the simplest of éll, efficiency is low due to
the large amount of power required to fire the SCR's.

The system also requires the use of fairly large
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components. Since :=ize and weight must be kept low,
—
L this method was re scred.
e Other methods, 1ncludirg the use =f gener.ea tim-
T ing pulses, were zntemptad. Little or no information
[T exists concerni:g nhe rractical use of SCI''s at frequencies
.
above standard £7 cycles per second 3ine .ave rower.
-
L. Again, unijunction timing circuits reguire zonziderable
- power. A simple circuit using a urijinctior tiang
- pulse generateor had to be abandsoned tecause of tnis limi-
B tation. Serious problems arcse aue to slow SCR firing
k . .
ﬁime‘and the probliem: introduced by the Zu00 cvele wer
\
‘[; second square wivoe rise time. Since the 2470 oyl i¢ ger
h‘ second satellite power i: z square wave, the roverse
-4 spikes occuring izt 2ach cycl2 crange caused :evers mis-

firing of the rectifier timing circuits. Mear. wire gro-

vided to clamp the IIR gates durirz the unwart:o part

of the cycle but excessive power wzs lozt due to the
relativel; low imredance of the SCR gate

The usze of trarsformer coupling w-orked quite well,
However, it be;amg necessary to madify other parts of
the circuit, particularly the timing pulse gerercisr
system, so that :zufficient energy c2uld be transferrea
to the SCR gate.

Various other rmethods and circuit configuraticns

sumption were limiting factors and precluded their

r

b

Ml

bt

L

[ﬂ were tried, but usuilly component ¢ize or pawer con-

L WERAY
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eventual use.

The present system makes use of chopped dc anala-
gous to the output of a rhase-controclled rectifier.
Figure 4 is the block diagram of the programmable
power supply. In this system a group of “our select-
able voltage~-controlled oscillators (VCO) are used
to generate timing pulses. Figure 5 shows the equiva-
lent circuit of a typical VCO. The VCO consists of
a silicon-contrclled switch (SCS) which is used very
much as a unijunction. 4n R-C network having a dif-
ferential amplifier to control charging time is usec
as a frequency determining element. The electrode
potentials of the SC3 are chosen to fire at a point
on the R-C curve which will give fair linearity agpd
also eliminate temperature problems.

The output of the VCO is a positive-going spike
having a fast rise and fall time. Selection of a
particular VCO is accomplished by logic switches (tran-
sistors) operated from any one of four input command
lines.

One of the two inputs to the differential amplifier
is ; reference voltage stabilized by a Zener diode. The
other input is obtained from the final dc output volt-
age after being reduced to a proper level by the input
voltage divider. The VCO frequency at any instant is

a function of the difference of the reference voltage

-t~

o o
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and the power supply outrut veltage. The frequency
range is determined by the SCS orerating point, the
capaciter value, and the ratio of resistor values which
control the charging rate of the capacitor.

The VCO signél drives a unique cne-shot circuit
as shown in Figure 6. This monostable circuit is
capable of producing very narrow pulses of fixed width
while introducing very little jitter. A standard JPL
flip-flop card is triggered to SzT mcde by a pulse from
the VCO. The outrut & goes high, thereby allowing Q1
to complete the charging path of caracitor Cl. The
SCS Q2 is arranged with its cathode gate potential such
that when Cl charges, the cathode voltage will fall,
finally reaching a roint where the SCS will fire. Upon
firing, the capacitor is discharged through the SCS,
and a negative-going voltage is obtained at the SCS
anode which is used to reset the flip-flop. Thus, the
flip-flop, upon changing state to RZSZT, will turn off
Ql. The next VCO pulse will again set the flip-flop
and repeat the cycle. The result is a signal taken
from the ¢ output of the flip-flop which has a width
determined by the R-C constznts of the SCS circuit and
a repetition rate controlled by the VCO. The rulse
duration is 50 ML sec.

The 50- 44 sec pulse generated by the monostable

circuit is transformer-courled to a silicon power

Oy
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transistor Gl -~ see Figure 7 for this chopper circuit.
This chopper trarsistor is in series with a fixed ac
voltage obtained from a transforrer-rectifier system
operating frem the 2400 cycle per second power line,
The nominal design c(enter vcltzge is 50 V. The chopper
stage interrupts tte fixed dc at 2 rate determined by

the VCO. The chopped dc is :mocthed to an average

4

1lter stzse LT and Cl.

=

(0]
'—4
1
(@)
-y

«
v

level by the acti.n of Lk
Inasmuch as the ouiput voltage is determined by the
rate at which the chopper is ariver, this voltage can

be fed back to the VCC aifferential amplifier. This

maintains a steady state voltage at the suprly output
terminals.
It was menticned earlier thzt a Zener relerence

is used in the VCO. This Zener voltage compareu with

a segment of the supply output voltage causes the se-
lected VCO to ofperate at a freguency which w~ill give

the desired dc voltage output. Since the system con-
tains the above-menvioned feedvack path, the output
dc‘voltage can be sslected to any value below the origi-
nal rectified 50 V and can be regulated for toth load
and input voltage changes. Typical VCO frequencies

followe:

e8]
i

to produce wanted motor voltages are
672 bps - 5800 cps; 236 bps - 3000 cps; 188 bps - 1700
cps; 84 bps - 1100 cp:. Theze are design center values

and in practice may vary slightly. These regrezent
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motor voltages of approximately 32, 15, &, and 5 V.

are:

The advantages of this method of power ccntrol

l.

No waste of unwantea power. Voltage drog
across the choprer stage 1s quite low,
typically O.4 - 0.6 V. Thus, little rower

is dissipated as heat.

Driving power is low since SCS c=cillators
will operate relisbly at low power levels.

No power is wasted in attempting to control
the system.

Ease of output voltage selection by logic
line. Simply adjusting the frequency of each
VCO will allow large changes in cutput volt-
age while maintaining this value over wiae
temperature and load variations.

Size of complete four-speed motor supply sys-
tem is not excessively large. The only com-
ponents contributing to size znd weight in any
appreciable amount are the transformers and

capacitors.

In reviewing the power supply prcblems, it may

be seen that the power system used in the 107 bit re-

corder more than fulfills all requirements. Further

refinements could yield a system which could proviade

a wider output range with a smaller physical size.
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The efficiency under worst case conditions of load
and temperature is asbout 70 per cent.

Logic Circuits

1. General Discussion of Logic System

Threeqsignals are received from the space-
craft: (1) NRZ data input, (2) word sync, and
(3) bit sync. 1In order tc achieve a maximum pack-
ing density of 400 bits/inch/track, serizl ingput
data is converted to semi-parallel data. This
permits the three data tracks to be loaded, bit-
by-bit, to ultimately achieve the packing density
of 1200 bits/inch on 1/4 in. tape. This was
REL's original design intent, and this result
was successfully accomplished.

It was necessary to count both word and bit
pulses %o derive sync pulses which would allow
the word bit to be fed to each data track in the
proper sequence. Sece REL Dwg 51737-56 for the
overall logic system circuit and REL Dwg C1737-70
for wave form timing diagram.

As mentioned above, data to be recorded is
routed by discreet bits into three tagpe tracks.
Various methods are available for accomplishing
this. It would be possible to record all data
on one track for the entire tape length, then

transfer to the next track for another tape pass,
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and finally use the third track. This method
has so many drawbacks that serious consideration
was not practical., Other systems involve scanning

the tracks electrically and feeding data onto the

tracks in a parallel manner. None of these methods

were worth considering inasmuch as certain require-

ey
i 4

ments concerning error rate and synchronous copera-

tion made their use entirely impractical. REL

o)

elected to use a more sophisticated system whereby

the maximum possible packing density was obtained.

ey
L i

The method used resembles a parallel feed
system except that the bits are laia onto the tape
in a quasi-parallel manner. The trigger pulses
which set up the record process are derived from
the bit counter shift register. A wora counter
is provided so that every fourth word will have its
first word bit again routed to track 1l.

The bit counter block diagram is shown in
Figure 8, and the wave form timing aiagram is shown
in REL Dwg C1737-70. This circuit ccnsists of a

shift register receiving its toggle from the bit

— 3y r— s
o

sync linc. Steering is so arranged that a pulse

will be present in the three output lines in the

peme
| G

sequence of 100100100, shifted by a l-bit interval.
The shift line pulse is inhibited during reset of

the bit counter. This is required so that the
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first bit of every fcourth word will occur at the

. 1

proper time to allow storage on track l. The re-

™

set and shift inhibit signal is obtained from the

word counter.

—
- 4

Since the storing of bits in the manner out-

A d

¢ lined requires some means of word identification,

a word counter is required. This need is made

1 O

even greater by the decision to operate the rhase-

locked loop system on every fourth word or one in-

7"1

tegration per three words. Thus, the. word counter

serves a dual function. Originally a simple two-

-

stage binery counter with short-count feedback was

ey

used to divide by 3. However, the short-count
feedback pulse showed up on the counter output
lines. This pulse caused serious triggering prcb-

lems in the rems inder of the system. The counter

1 M

with the short-ccunt feedback was abandoned in

favor of the present method.

S

The present word counter is much like a shift
register except that steering is determined by

logic. Figure § is the word counter block diagram.

— 3

The shift line is driven from the word sync. Thus,

the output line of the last stage will change state

—/

on the third word pulse and hold for 7 bits (1 word)
[. and then reset on the next word. The output lines

are used to set or reset the tape word sync

‘ e
™
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‘lip-flop by means of a gate circuit so that the

flip-flop output signal will have close to a 50

Per cent duty cycle over a 3-word interval., The

ratio is 10 bits on, 11 bits off.

This signal is

recorded on the tape for use as the sync signal,

The word counter cutput is also used to reset the

bit sync counter on every third word,

Date Recoraing

The date line fed to the recorder system car-

ries inverted serial NRZ data.

This signal is in-

verted again, and the two signals consisting of

NRZ and its inverse are aprliea to the toggle

steering points of the three record flip-flops.

Refer to Figure 10 for the block diggram of the

record logic system.

The condition of the incoming

data determines the possible state to which an

individual flip-flop might shift.

The toggle signal is obtained from a group of

three dual gates, one for each flipr-flop. These

gates receive inputs from the bit counter and the

bit sync line. In the early stages of development,

untreated bit sync was used to interrcgate and

open the gates. Severe problems of coincidence

eXisted using this method.

The difficulty was due

to the propagation time of the bit shirft register,

The strobing ‘pulse and the bit sync did not always L
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arrive simultenecusly. This problem was overcome
by using differtiated bit sync. The bit sync
pulse is R-C differentiated,and the negative-
going rulse is inverted. The result is a bit signal
arriving late by 1/2 of a bit pulse width. Thus,
the gate is cpened after arrival of the strobing
bit pulse derived from the bit counter. Stability
is built into the system.

Upon coinciaence, the gate outrut will go to
O. The steering of the flip-flops by the data

and data inverse causes trading, the direction cf

=y

which is determined by the 1 or O conaiticn o
the dita. This action is done sequentially as
dictated by the strobe pulses from the bit counter.
Zach axta bit will be strobea into each data track
in their own oraer of occurance.

The recora flip-flop signal output is suprlied
to push-pull driver stages which feed the center-
tapped record head coils. REL Dwg Cl737-63 is a
schematic diagram of the heaa driver stage. A
driver is used for each track. The tape is mag-
netized first in one directisn for a 1 and then in
the other direction for a 0. This results in one
flux reversal per discreet bit change.

The voltage used to operate the track drivers

is derived from a PNP transistor power switch. 5
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This is done su that record power can be inhibited
when not in record mode, thus insuring that re-
corded data will not be indiscriminately erased.
The inhibit sighal for this circuit is derived
from the recorder control logic system.
3. Playﬂack Logic
In the playback mode, practically the reverse
operation occurs of that described in the record
logic system. The recovered playback data sig-
nals, consisting of differentiated pulseg, are re-
constructed by a level detector similar fn orera-
tion to a Schmidt trigger. The level detector out-
put is a square wave having a relationship to re-
covered pulses as shown in rigure 11. The block
diagram of the playback logic system is shecwn in
Figure 12.

The recovered data is strobed by means of the

output of the bit counter similar <o that during

recoraing. Differerntiated bit sync is used to

[: eliminate possible coincidence effects. The three

. data track gates are wired in an OR configuration,

L thus the readout data is put back in serial ar-

[ rangement. Because of the 90° phase relationship
of the tape signal to the clock reference made

L. necessary in the operation of the phase-locked loop,

some means must be provided to eliminate this

AN
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phase error. In additicn, the jitter present
on the reconstructed sigrals must be eliminated.

The signals at the outputs of the playback
OR gates are used to SET and REZSZT a flip-flop
which in turn programs the toggle steering points
of an output flip-flop. The output flip-flop
is toggled from the bit sync ligea By this means
the data readout is fully serial and synchronous
with the incoming bit and word sync. Since the
90° phase slip is present, the output shift reg-
ister also eliminates the slight delay or time
shift introduced by the phase-locked lcop.

A follow-up gate is used sc that the NRZ
output line will go high whenever the system is
commanded to go record or slew. This added in-
hibit feature effectively keeps extraneous pulses
off of the output line whenever the machine is
not in the playback mode:

Control Logic System

The external command system simulates the space-

craft system which controls the reccraer and has
override controls to facilitate testing. This sys-
tem receives cormmand signals from the spacecraft
through bit rate command lines. These command sig-
nals are as follows: (1) Record, (2) Playback,

(3) Slew, and (4) Stop.

£

‘>
N
~
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A two-phase motor drive is obtaire rom a

series of flip-flops and gates. The motor drive

[}

signal is derived either from the VCO for the
playback mcde or from the 1512 cycle per second
clock line for the record mode. The sigrals enter
the OR function ir the mode selection gate. It
is then possible to derive cutput signals which

1k £

when courted down through the motor K fre-

«

quency divider will be the ccrrect f

'3

eguerncy for
the intended mode. Ancther seriesz of OR functicns
are used tc pick up various points along the motor
clock frequency divider. These receive commands
from speed control gates so that selection of the
proper motor clock can be initiated from the data
rate selecticn lines. A group of flip-flofs are
used as a two-rhase generator and receive their
inputs frem the metor cleock frequency selector.
The outputs of the flip-flops feed the motor drive
amplifiers.

Inhibit lines derived from various logic func-
tions within the control system are used to shut
down the motor power amplifier. when not in use
and for making the energizing cutput line go high
when in the playback mode. Other control functions

derivea from this system provide switching commands

for the programmzble power supply, integrator time

’l
.
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constant control, and gain switching stages in
the playback amplifier. In aaditicn, signals
from the frequency divided motor clock and other
delayed inhibit lines are extracted from the con-
trol system for use in the end-of-data system.
End-of-Data System

The function of the end-of-data system is to
supply an output pulse whenever a Slock of pre-
viously recorded data has been playea back. ZEvery
time the recorder changes from record tc stop or
playback, an end-of-date code is recoraed on the
sync track. This is accomplished by counting down
the record motor clock signal and feeding it into
the sync track recora gate. REL Dwy 1737-55
shows the end-of-aata system. This gate also re-
ceives a time delayed signal derived from the fre-
quency divider and a signal from the record com-
mand line ES-1. The output of the end-of-aata
gate is fed to the sync track reccrd flipg-rlog.

Upon going from record mode to any other
mode, including off, the end-of-data marking ccde
overrides the data signal and is reccrded cn track
2 of the tape. The end-of-data code burst is
readily identifiable by the end-of-data cetector
because the end-of-data code has a repetiticn

rate greatly in excess of the tape sync signal.

A\SS
.
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{V When the end-of-azta sigrnal 1s pluayed tack, it
is fed through a counter which receives a dc
{ reset pulse from the word sync ccunter Systlem.
{— The end-of-dzta cetector will not count the
low speed signals, such as tape syac signals,be-
[« cause it gets reset at thre end of every word,
It can only develsp its count-to-three pulse when
[
L fed by a signal of e faster repetition rate, such
P as the end-of-catsz code. The end-:f-data detecter
' output gate is fed an inkibit signal 3o that iv
will not deliver an cutgput signzl wlen in the re-
‘ cord rmode. The follcw-up one-shet is triggered
LJ _ ' from the end-of-gats detector cutput. Tnis one-
. shot delivers a 50-milliseccnd end-of-data pulse
' " ES-4.
T D. Multisveed Fhzse-locked Loor Cosntrol Svetem

The data to be played btack to the earth upon com-
mand must be synchronous with the spacecraft clock sys-

tem. A simple free-running transpert would require that
p £

{

ored in an appropriate buf-

ct
[¢3)

the tape readout data bte s

fer shift register prior to transmission. Thils shift

r__1

register wculd then be interrOgated by the spacecraft
bit pulse, reading out the stored tepe pulses bit by

bit. This method imposes severe limitations on the

i

flexibility, size, and stability of a systen. It would

be far better to have a recorder which would provide

1

~
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synchroncus readout when supplied appropriate word
and bit signals.

Thié is done in the 107 recorder by the inclusion
of a phase-locked loop tape speed control. In this
system, word, btit, and data are fed the recorder-cir—
cuits during the reccrd mode. A word sync signal,
derived from a combination of word and bit signals,

is recorded cn a sepurate trankh. Upon Flayt «ok, the

L

tape sync sigral is ccmpared in phase to the satellite
clock sync. The resultant of this comparison is used
to control the average speed of the motcr driving the
tape. Therefore, the bits read out of the data tracks
will have a rate dependent upon the reference clock.
Further use is made of the word and bit signals in g
simple buffer shift register to eliminate Jitter com-
ponents from the recovered data puls=s. Since all
reconstruction of tape signals and the spced of the ma-
chine is referenced to the satellite clock, the end re-
sult is NRZ data in perfect synchronism with the ref-
erence clock.

A complete study was made of speed control both
on the breadboard transport and the Erototype machine.
This was time ccnsuming btecause of the four rates re-
quired. lotor torque had to be varied during these
tests, since the mechanical system aynamics played an

important®role in the stability of the system.

XN
™~
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Originally, the performznce of the servo was very
good when tested with the breadboard tape transport
using breadboard moters. 4All four rates were tried, and
some instability was noticed, particularly when using
high loop gain. Scme of the instability may have been
due to externzlly generated noise which sheck excited
the system.

At about this time is the cevelopment of the 10
bit recorder, JIFL notified RZL of the new increased
rlayback rates of &,, 1€2, 336, and 672 bps. This ne-
cessitated some back-tracking with resrect to the cde-
velopment of the phase-lccked lcop control system.
Initial breadboard tests at the new rates showed no
major problems, and the servo system was developed for
the new rates.

Further work was done with the prototype targe
transport. Again, all four rates were tried but more
time was consumed in this study because its success
would have a direct effect upon the finalized syétem.
Whenever attempts were made tc operate the system at
high VCO deviations, serious instability was found as
evidenced by severe hunting., This is the equivalent of
high-loop gain in conventional servo systems. The hunt-
ing could be eliminated by a reduction in gain but at
a sacrifice of lock-in time. 4lso, very little reserve
gain would be available to allow for normal temperature

and torque variations.

(N
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A single stage lag {ilter was then tried and the
results were quite gcod. The constants were chcsen
while operating at high loop gain, 157 deviation, at
a fate of 672 bps. The filter time constant was se-
lected to allow peak response at the low frequency end
of the servo p4$s band -- belcw 10 cycles. REL telieves
that by extending system response into the higher fre-
quencies woula cause mcre treuble, since [lutrer con-
ponents have most of their energy above 14 cycles per
seccnd.

An interesting cbservation was made during this
investigaticn period. It was found that flutter was
increasea when thi servo loop was closed. Nominal cren
flutter was usually 1.3%; closing the loop caused aﬁ
increase of greater than 2:1. However, by shifting the
phase characteristics of the system using a filter of
phase limited design, the flutter could actually be
reduced during closed~loop operation. Filter require-
ments became less criticel at lower readout rates.
Thus, efforts were primarily directed in achieving
stability at 672 bps.

One of the most difficult problems was caused by
capstan "stiction" or the slip-grab effect. Flutter
pulses produced by this phenomenon tend to be quite
rapid and have steep sides. Total energy content may

not be great due to the small area under the wave form,

iloop
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but continuous pulsing can cause the servo to exce s—

1 M

sively correct. If the system has a positive feea-

back area, it will eventuslly be shock excited into

Lo ~vu‘

cscillaticn. A temporary step taken to eliminate
[, stiction was to stcn: the downstream capstan, thus

eliminating the rough surface finish. Stiction ef-

S

3 T, ] . . < - vee e . R P I | AR L ys g o
The inclusinn «f 3 filter havire two roll-0f] break

—
[N 23

frequencies was lster installed in the servo systemn.
L This filter provides exceptionally good results, since

it shapes the frequency response of the loop sc that

—
i J

large levels of flutter can be accumulated without
r‘ causing serious over-correction, even when using high
) values of loop gain. The resyponse curve of the lecop

filter used in the recorder shippea to JFL is shown in

. Figure 13,
L 1. Gated Integrator
{~ A gated integrator system is provided in
the rphase-locked loop control system to con-
E vert the relative rhase angle of twc signals
) to provide a dc voltage which coulu be uszed
[ to control moter speed. The gated integrztor
- - wWas selected over conventional phase uetector

and filter systems because the latter: (1)
| have high power ccnsumption, (2) have inade-
L .

‘ quate linearity, and (3) are often restricted

in dynamic operating range.

fects are quite a serious problem in many other machines.

6/
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The reconstructed tape weorcd signsl and the
word sync signal from the recoraer logic sys-
tem are fed into the selected phase comparator
at the input of the gated integrator circuit.
There are four phase comparator circuits in
the phase-lockea loop control system, one for
each tape speed. The output of the phase com-

parator (diocde gate) i3 z pulsc having a wiath

equal to the phase difference of the two input

'signals. The gated integrator converts the

phase change of two signals to a voltage change
that is fed back to the VCO which is tuned to
the center frequeqcy. The VCO then shifts fre-
quency in a direction as determined by the inte-

grator output. This signal is then fed to the

~motor to increase or decrease speed, thereby

Ed

e&ffecting synchronism.

The square wave output of the phase compara-
tor is fed into the integrator. Figure 14
shows the block diagram and REL Dwg D1737-69
shows the circuit of the gatea integrator;

The integrator circuit includes a silicon-
controlled switch (SCS) used to provide rapid
reset rise time. The reset pulse causes a re-
duction in anode gate voltage which fires the

silicon-controlled switch. The SCS cathode

~
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is connected to the mid-point of z czracitor
divider netwerk through a hclu-off dicde,

Firing of the SCS cauces the mid-pcint of this

network to rapial; risein voltage until the

cathoae voltare rezches a point to extinguish
the SCS. This voltzoe ic deterrired o Fg

b3
o
.
O
'y
']
o
(e
o
»
=5
v

>
-
lnd
(o)
O3
9]

vpiTatic i, The
hold-cff ciode presents the stcrea chzrge from
leaking off.

Rundown is accomplished by arpiying the
resultant frem the phase comparater to a gate
transistor., Figure 15 shows a typical rlotted
integrater output wave form. When the gate
transistor is conductiag, the voltage at the
mid-point of the caracitcr netwcerk aischarges
at a constant rate which is determined by the
values of the resistors in the collectors of

A
the integrator time constant switches. There

are four such switches proviced to acco modate

ot

the four differcnt playback rates. Voliage

rundown continues for a time interval determinec

by the wiath of the output pulse of the phlase

comparator. This integrated voltzge will hold
at this level until another reset rulse occurs
which returns the cutput tc its criginal reset

value. The high ocutput impedance of the
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integrator is converted tc a low output im-
pedance by means cf a Darlington amplifier hLav-
ing a very high current gain. This amplifier,
along with the proper selection ¢f hold-off
diodes, psoduces a very low output droop during
the reset and hold periods of the integrator.
Typically droop is lesé than 5% over any three-
word pericd.

Assuming a taye sgeed of 0.07 ips, the sig-
nal recorded on the sync track will be a square
wave having a 50% duty cycle, 1 cycle per 3
words and a frequency of 4 cycles per second.
The signal which is generzted by the recorder
logic system at 84 bps has a width of 35.75 ms.
Ad justment cf tha individual timing resistors
is done with er-h of the four rates using tne
full pulsc width (35.75 ms). The resistors
are then adjustea to provide a maximum integra-
tion to 5 volts. This is then repeated for
each one of the four playback rates. Because
the system is set up t¢ run with the tagpe and
sync pulses at 509 coin idence, this will yiela
1/2 of the full pu.se wiuth or an integrator
output voltage of 10 volts. This is the "in-

sync" condition.
e

D

~>

;
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if the pulse of the recorder sync track
occurs late, the integraticn pericu is shorter,
and the integrator cutput voltage averages
less than -10 Vic., The VCO which cecatrols the

frequency supplied to the playback motor, and

Ui

therefore the tape s;ccq)incregses s0 that the
next sync pulse on the tare will occur ezrlier.
Thus, the tape speea wnu flayback frequoncy
are varied acccrding te the relative jphace
angle betwcen the externzl word sync sau the
sync e«tracted from tie tare.

If toth pulses that are to be counparcd
in phase hszve the same duration, a plot of
the overall control characteristics versus
relative phasc angle shows two immcuaiztely
adjacent arcas, one representing the aegative
feedback and the ctlier a positive fceuback con-
dition. As the phase changes rapicly auring
lock-in, this condition will czuse overshoot-
ing and general difficulty in achieving lock.
If, however, these positive and negative feea-

back areas are separated by lengtheniag one

O
m
[¢/]
’—J
O
O
=

pulse with respect to the other, gh
is achieved in the least amount of tinc.
Ideally, one of the signals will have a 50%
duty cycle; frovided in this case by the tage

4

sync.
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Voltage-Controlled Oscillztor (VCO)

The output of the gated integrator is fed
through the low pass filter network to the VCC.
REL Dwg D1737-69 shows the VCO circuit. The
basic circuit of the voltage-controlled oscil-
lator originally designed for the 106 bit re-
corder under JPL contract 950105 was not suf-
ficiently stable for use as a servc reference
in this 107 bit recorder. Frequency drift
with temperature cf the 106 bit recoraer wes
on the order of +120 cycles at 85 C and -72
cycles at =15 C.

A differential type of compensatcr is used
in the 107 bit recorder. Typical drift is on
the order of 0.4% at 85 C and 0.27% at -15 C,
both in the positive direction. The circuit
was temperature cycled at least ten times with
no indication of departure from the original
results. Transistor replacement showed no
severe changes due to parameter spreads. How-
ever, parts selection was quite critical and
could be a problem for flight hardware. Some
of the conclusions reached from using this type
of VCO are as follows:

a. very;good temperature stability and

very low hysteresis,

/ -
[Za
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{‘ b. critical component selection in at
least three circuit positicns,
-
L ¢. no data existing concerning long-
[- term drift,
‘ d. fairly good stability with power
[— supply changes,

e. drift and emitter follower not yet

——
¢ H

compensated,

f. considerable flexibility in choosing

-

temperature/frequency deviation.

L '}. |

The VCO consists of a silicon-controlled
switch working as a relaxation oscillator,

similar to a unijurction configuration. 4&n

o
1

R-C network is used to determine the frequency

of oscillation. The frequency of the VCOC is

M

varied and is determined by the potential on

the base of a transistor which varies the re-

[

sistance component of an R-C network. The

center frequency of the VCO is adjustea for

1512 cycles per secona with a 10-volt ingyut.

i '
L 3

To provide temperature stability, the
variable impedance transistor is in the con-
figuration of a differential amplifier, the
other half of which merely supplies reference

voltage. Frequency drift, as a function of

AR S ‘ii] —

i
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increased transistcr leakage, 1s compensatzd.
Resistance networks are used between an emit-
ter follower and the control transistcers to
get the required frequency deviation at the
stabilized operating pcint. Linearity cf fre-
) . . . . e
quency deviation 1is better than 0.1, over the
operating range.

Playback Amplifier

The major problem associated with the low
playback speeds requirecd of the lO7 bit tape re-
corder is low voltage output at the head at very
low frequency. To obtain a stable output for the
level detector, the conveantional R-C coupled am- _
plifier system was abandonea. The reasons for this
were that direct ccupling would give linear response
down to almost dc, would eliminate bulky interstage
coupling capacitors, and would eliminate interstacge
coupling cayacitor leakage. Four playback amplifier
circuits are provided, one for each track. This
discussion is typical of all four circuits. REL
Dwg B81737-57 shows the playback amplifier circuit.

Initial efforts were expended in investigating
chopper amplifiers. These efforts were partially
successful, but it appeared that the ability of the

choppers were somewhat magnified by the manufacturer.

o~
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Extensive.studies were made cn the ability
of the playtack amplifier to handle the 8:1 change
in amplitude and frequency. The four playback
rates require that the playback amplifier be cap-
able of handling a head cutput vcltage dynamic
range cf 18 gp. As the rate is increased from the
lowest rate, an output voltage-frequency relation-
ship of € db per octave results., The prezmplifiere

7

used in the 10’ bit recorder are capable of handling

this dynamic range. However, it was necessary to
provide some means cof gain control to rreveat suc-

cessive voltage stages from overloading.

An attempt was made for a 6 db per octave filter

to mdintain a constant output voltage and prevent
overloading. Unfortunately, pzassive filters cannot
be easily designed to handle such a wide range of
signal frequency and still have the linear phase
transfer which is needed for proper signal recon-
struction. The definition of the reccrd signal
would suffer causing an error. A Butterworth fil-
ter was breadboarded. While it would have teen
suitable, the dc drift introduced by the necessity
of direct courling the filter amplifier could not
be tolerated. Filtering was not practical.
1. Preamplificr Stage
The signals present at the head termi-

nals are differentiated NRZ pulses. These

-
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must be amplified before the original NRZ
data can be reconstructed. The preampli-
fier stage is a straightforwara aifferen-
tial, direct-coupled amplifier -- refer-
ence REL Dwg D1737-59. This is a two-stage,
push-pull amplifier with extensive feedback
to make the amplifier stable over the re-
quired temperature range. The advantage

of this type of circuit is that it permits
a widex selection of parts. Standard
stocked transistors and other components
are used.

The playback system was develored with
a high ac gain and a low dc gain from a
temperature stability viewgpoint. F[from a
push-pull head input, a single-endea out-
put signal is derived.

The reason for the differential system
is that due to low signal levels, common
mode noise must be eliminated. Much of
this noise is generated internally by the
square wave motor system. The design in-
cludes complete shielding of the playback

amplifier, motor power amplifier, common

- power supply leaas, and ground leads. Con-

siderable care in routing the dc power
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distribution leads keeps motor noise

out of the amplifier. The caifferenticzl
system of the preamplifier stage aeters

noisé -- the signal-to-ncise ratio is greater
than 40 db.

As may be seen in RzZL Dwg D1737-59, tte
preamplifier system has an R-C network to
pfovidu high frequency roll-off.

Drift Corrector

The drift corrector circuit corrects
dc drifts resulting from thermal variations
in the preamplifier circuit. The single-
ended output of the preamglifier stage is
fed into the drift corrector. Ral uwg
D1737-60 shows the drift corrector circuit.

The drift corrector is a two-stage,
direct-coupled amplifier. Both stages are
of a differential design. Again, loop
feedbeck is used. However, one leg of tle
push-pull feedback loop contains a shunt

capacitive reactance element which byrpasses

"

audio frequency. This keeps the signal
gain high yet is not passive for ac drift.
The dc gain is reduced to nearly unity.
The result: high ac gein with little dc

gain. The single-ended ocutput of the drilt

7

»
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correcter is fed to the main amplifier
circuit.
Main Amplifier Circuit

The mgin amplifier has two push-pull
stages and is & direct-couplea erplifier
with considerable push-pull feecaback. How-
ever, this sytem differs from the previous

steges uwescriteu in that it has three feea-

471

back switching stages. The amount of feed-
back is controlled by the relationship of
6 and R11l as shown in RZL Lwg U1737-61.
Since it is necessary to change the gain
with each playback rate, the switching
stages can be switchea from the ccmmana

logic to correct gain for each rate.

If a 1 is put on any line, the associated

stage will conduct. The recorder is supplied

by four logic lines to inaicate the bit

rate at which the recorder should ogerate.
As the tape speed increases from 84 bits

per second to 336 bits per second, the feed-
back increases, thus mzintaining constant
output at all tepe speeas. When a 1 is
applied at 672 bits per second, automati-
cally a O appears on the other three speed

lines -- none of the three switches are

Ad

orerating.

-
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Gein adjustments are mzde in the fol-

lowing manner: -

a. Gain 1s adjustea Lc provide 14, 7
peak-tc—-peak cutput when cperating
at 672 bps.

b. Step a is repeated at 336 brs.

c. Step a is repeated at 1€2 bps.

d. Step & is repesuted at 2. bgs.

When the system is in the reccrd moce, the

3

playback amrplifiers are in operation wvith

-
»

gain contrcl only at 336 and €72 bps. The
remaining two recora sgpeeds have no gsin
control effect cn tre amplifier ana thre
output wave forms are considerably distorted.
This is duc to overloauing tne erplillcr,
Figure 11 shows & tyrical zmplifier

output signal wav:- form with dc o

E atoY
1y
1]
[
ct
<
o}
—
t
{

age under normal conuiticns. rigure 10 is

a frequency response curve of the playback
amplifier system.
Level Detector Circuit

. The output of the main amplifier 1is a

differentiated NRZ pulse that is fed into
the level detector. This is a mcdified
Schmidt trigger using a complimentary con-

figuration -- see REL Dwg C1737-€2. The
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pulses recovercd from the tape arc anplifiea
to a level suiteble to conversica to HhZ.
The REL design uses slcpe detection in which
the pulse changes the stste of a flip-flop
(Schmidt trigger) about half-way up the
leading edge. Figure 11 shows the voltage
wave form, with values of the level detector
circuit,

Other aprroaches of data rzconstructicn
were attempted. It was criginzlly believed
that a peak detecter could be usec for
data reccnstruction. Difficulties prescated
by high power consumpticn and the necessity

for sore possible component switchning

Y

ry

3

(¢
{

cludea the use of this system. Coatrary
to the common belief that fpezk cdetectors
are widely used and that typicel circuits
exist throughout current technical literature,
REL encountered consiccrable uilficulty in
obtaining any information on pezk uetectors.
As a metter of interest, REL has ucvelcpeu
a workable peak detector since the time of
this initial investigation.

The approach used in the 106 recoraer
could not be used because it offerca very

little control over the selecticn of s




s /
l . ,\ A by, / i/
REL Final Report No. 618 ~-&4-

Ww. 0. 1787

r_’
®

— 1 /1 M1

T3

| !
v d

=
L i

r— O

oy o —
L N { K 9 3

operating rcints along the tare pulsc vave
form. This method of slope aetucticn is
quite susceptible to noise.,

Power Decoupling Circuit

It is necessary to use a power decou-

pling circuit because there is considerable

noise on the - 6-volt lines. This noise is

in the puss band of the amplifler syste:n,

Conventional R-C decoupling networks wers

found to be inadequate for this purpose.
The power decoupling circuit functicns

as a simple series voltage loss circuit

with operating points derived from & Zea:r

diode operating off of z 20-volt line. &L

Dwg C1737-58 shows the rower decoupling cir-

cuit. This circuit hes thrce major functicns

as follows:

a. takes the = 6 volts available te the
system and drops it to - 4 volts,

b. isolates % 4-volt input to preamplilicr
from any noise present in the * &-volt
linc,

c. accomplishes some degree of regulaticn
per the tolerances in the JFL specifice-

tion.

N

.




REL Final Report No. 618 -65-

. W. 0. 1787

o>
L]

fnd-of-Tape Sensor Circuis

The end-of-tape sensor circuit was designed to
eliminate noise frcom tnhe eni-of-tapre signal -- ref-
erence RLL Dwg C1737-68. The output pulse of the
end-cf-tape sensor may have noise spikes due to dis-
continuity of the gold.

The Schmidt trigger used in this circuit is
conventional except for the cspacitive time constant
at the input which provides ac hysteresis. Upon

the initiation of the end-

)

f-tare pulse, there will
be no change in state c¢f the Schuridt trigger until

Gl has discharged to a new net value. The Schmidt
trigger then fires. Any srikes c¢f noise will not
cause the Schmidt trigger to return to its normal
state until proper time has elzpsed. Since the re-
quired time is greater than 100 ms, no output will
occur with spikes hzaving a deviation less than this.
Therefore, noise has been eliminated from the end-of-

tape signal. The S.umidt trigger returns to its

normal state {ollowing the elarsed time determined
by the aforenmenticneu time conciant. This triggers

the one-shot, and the output is £5-5 -« 2 co-to-zero
pulse.

Motor Drive Amplifier

]

In the interest of efficiency, it is necessary

to operate the motor from a square wave power source,
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In order that R:ZL would nct waste power, an efficient

and reliable drive amplifier was deve

b

cped for the

~

motor which operiates >ff of the outpur of the pro-

grammable power supply. There are two motor drive

amplifiers: one for playback motor {REL Lwg 01737-72)

and one for the record met=r (RZIL Dw

t]

discussion of the moter drive amplifier is for one-
half of the amplifier; tre oiner razls
The amplifier consists of dual tridge-connected

power switches. The two-wire input to cne plase of

the amplifier is a conventicnal logic CULLuUl S4Qu&ar

48}

wave. This rrovides a push-pull drive systen. The
signal is diode ccupled to a pair ¢f buffer transis-
tors. This tuffer c;.w.‘,pxm, is. then diode courled to
a pair of transistors functioning as arivers. The
output of the driver stage is fed to twy coupling

transformerz which, in turn, supply basze drive cur-

)

rent for the bridge-conrected output stage. The
output of the last driver stage i: fed to sne phase
winding of the motor. This zame circuit is used for
the other rhase windirg.

Since the buffer driver stages are direct-
coupled, there is a possitility that if the drive
signal is lost, a3 condition could exi;t wrereby one-
half of the driver system may come to quiesence in

a heavily conducting state. This cculd cause heavy

g D1737-71). This

é

/ /
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current to flow thrcush the primary <f the cdriver
transformer znd possibly rezult in ssricus damage

to the transfcrmer. To prevent this from happrening,
an inhibit line was irserted into the sytem which,
when made high (¢ volts), will cause the buffer
stages, to conduct. This effectively cuts off the
driver stage.

. . . - :
e - N - RIS SR SR
P f: late <L -

facrag
Cne of LiL's earliest g2als was t- Fave much
of the associated circuit elemerts houszed within the

recorder tranzport assembly. COwirg to the complex-

ity of the evolved syztem, this was not feazitle. The

use of standard JFL breadbcard lcgic cards necessi-
tated that the bulk of the logic ana control systems
be housed exterrnal to the recorder proper.  The
electronics of the 107 bit recorder are housed as

follows: the playback preamplifiers are integral

QN

with the recorder trarsport. All other circuit ele-

ments are housed in a table-top rack

[\8)

scembly which
uses plug-in JPL card travs.

The low level output from the heaus requires
that noise be kept out of the circuit. Motor drive
voltages are used which have frequencies within the

tape signal pass band. Since two separate systems

[

occur and an intercornecting ciak

e is used, the best

wn
P

ignals is to

U

way to handle these low level head

build the preamplifiers into the transpert housing.
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This resulted in a packaged four-chsrrel preamrli-

[

™M

fier assembly which is Icocated Zelow the motors

on the rear of the transport. The heaa leaas are

-

quite short and go directly into thisz shielded am-

plifier package. The output level of these ampli-
L.+
fiers is on the crder of 2 vclts, a level wnich
r—
L can be fed ever the umbilical cord withcut risk of
- ncise pickup.
ot The rack assembly contains the follcwing active
r components:
i
Control lsgic circuit: 15 ea rlip-riop Cards:
[ . 22 ea AND Gate Cards
_,. 2 ez Driver Cards
Record and playback
- ) A - .
logic circuits: 15 ea Flip-flop Czrds
L
22 ea AND Cards
8 6 ea Driver Cards
. 2 ea Prcgrammable Power Supply Units
- 1 ea Dual Mswor Drive amplifier
" 1 ea Playback Fain Amplifier Assembly (4 Chennels)
L
1 ea End-of-Tape Senscr Pulse Shtaper Circuit,
—
b4 B .
Other circuitz, suth as record heaa arivers,
C VCO, and integrator, are mounted on JPL type plug-
in cardas and sre ncused in the tray assemblies
REL could noct pursue an externs-ive rpackaging pro-
F g

gram with the funds availatle. The criginal asgreement -
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was that Texas Instruments, Inc. (TI) would pack-
age the electreorics zystem. At the time TI was
preparing a qucte for the electronics package, JPL
notifiea RZL of the cutback of the Mariner funds.
This precluded eny further study of the electronics
packaging problen.
V. TEST PROGEAM

07 Bit

(o]

The "“Interiwm Test Flar. Type Arproeval Testing of

Magnetic Tape Recorder" (Appendix II) wss used sis

| 8]
(8]

(>3

f
i

for testing the 10 11

ct

bit tzpe recorder. This documen ts

w

the specific envircnmental tests perfcrmed at JPL and lists
certain functional tests performed on the mechanism before,
during, and after the environmental tests. This interim

test plan and the test fixtures used in testing were agpproved
by JFL. All circuits were tested prior to mounting in the
breadboard cabinet.

JPL furnished REZL with all of the ¢

bas

rcuitry for the
digital logic functions in the form of piug-in cards. These
cards were used exclusively in the testing of the 107 bit
tape recorder and were not modified in any way by RzL.

A. Environmental Test

[9]]

Only one environmental test was conducted at REL --—
temperature extremes. All other environzental tests,
such as shock and vibration, were run at JPL. At a
meeting held in April, 1963, JPL and RZL mutually agreed

that the thermal shock and mechanical shock environmental
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tests would be ccnducted at the end of tre development
progran, This-decision was made because these tests
could be destructive. At that meeting, some envircn-
mental tests were waivered: thermal bactericlcgical

sterilization test and rf interference test,

(O]

1. Vibrations Tests

The first vibration test conducted at
JFL was with plastic covers in order that the
transport could te viewed during vibration.
A problem zrose at the time cf the first*
scheduled test -- the recorder did not fit
into JPL's hex box designed for accepting the
recorder during vibration testing. Sufficient
space had not been allocated to acconmodate
rossible package excursion auring vibration.
A new vibration fixture was designed and built,
thereby insuring that the c.g. of the recorder
would be such that equal lczus woulu be pre-
sented to each of the shock mounts. This new
fixture was c¢f a cantilever design. Test re-
sults with the shock mounts in this configura-
tic were satisfactery.

Vitraticn tests were then reccnaucted using
metal covers. The results were good except
that one 4~40 nut came lcose. This was re-

assembled and loctited. Flutter was checked
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after each vibraticn test aznd was satisfactory.
As a result of the rreblems encountered
with the tsre binuing at low temperature dur-

ing the first set of tests at JFL, a reel

()]

brake was instslled in the transgert. Para-
graph V.D. of this repert discusses the first
tests at JPL in greater detail. 4 special vi-
bration test fixture was fatricatec by @zL

and vibratior tests conducted here to deter-
mine vibration effects on the reel brake. Thre
srecial test fixture was necessary tecause a
slide plate attachment for REL's vibration
equipment was noct available.

The machine was vibratea in three mutually
perpendicular planes from 10 cycles to 1500
cycles with 5 g's rms input to the shake table.
The results were good with satisfactory flutter
reauings after vibration in each Flane ana no
severe tare looping occurred. The naciine ap=-
Feared to be satisfactory for further testing
at JFL.

The second series of tests at JPL were con-
ducted in the sare manner as the first tests,
using plastic covers. The results of the vi-

bration test were again satisfactory.
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2. Accelerzticr Test
During the fir:t series of tests at JFL,

the acceleration cest wa: ceorducted with metal

HhH

ification

(@]

covers and.in gccordance with JPL spe
30257. The muchine was mourted in the same
test fixture as that uzea in the vitration test
except it was miunted on the centrifuge arm.
The !

3 v ©. 3
A€ TEIOrCer wos Tpel Ltii o Lfter tio Lo Terat

test ana perfermnzncs wis zoaod. Flutter was

also checked and was satisrfactarye.

Al

The reccrder was ceel-

[

gain subjected vo

«t

eration tests during tle second series of tests
at JFL. The test procedure and resulte were

the same as the first JIL tests,

Operaticnal Test:

All of the operaticnal checks listed in paragrarh
>e4 of the Interim Test Flan Tyje Approval Testing of

lO7 Bit Magnetic Tape Recorder were conducted at room
temperature, and the reculte were gatislactory. These
operaticnal checks ircluded: Recording, Flayback,
Coding, Znd-of-Dats Detezwuicn, End-of-Tagpe Detection,
Pressure Tran:ducer, and Temrerature Transducer.

Perforriance Tests

1. Flutter

Flutter refers t» tape sgecd irregularities

~

-

evidenced by a variaticn of the Flayback signal fre-

quency. Flutter js generally applied to tarpe sipeed

v

Py

o
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change rates in excess of a few cycies, wrhile WCW
is used to denote a slow charge ir srecd occuring
below a few cycles per second. In 3 typical ma-

chine, the cyclic components of flutter, such as

]

(@]

)

caused by bearing defe nia shaft rurout, can be

Ls

4

identified by théir relationship to the kniwn pe-
riod of rotation of these partz. Flutter data is
used as the mechanical criteria for ary Lyster.,
analog or digital. Flutter will affect 5 digitel
system in quite a unique mancner, since its relation
to jitter determines the arez over which a phease~
locked speed contrsl will work and deternines the
total data sync stabtilivy.

In @ digicval machine, it is more common to
refer to the effects of flutter as jitter, since
pulse rosition stability is inveclved.

‘easurements of flutter require that the machine
reproduce a signal output of several thcusand cycles
per second with a practical frequency aemodulation
by a sub-carrier discriminator. The output of trhre
discriminater, indicating instantaneous speed de-
viation, is gererally plotted by means of 3 Visgi-
corder so that individuzl sources of flutter nay te
determined from their resrective repetition rates
coupled with the knzwledge of the variocus rotational

speeds. It 1is customary to refer to flutter in

l‘.v\

-~

S
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i terms of percent deviation from the mean speed.

L- Initial tests of the system indicated that the
)[w | transport had high flutter. An unusually high

i flutter amplitude was traced to the downstream

capstan, against which the tape is supposed to slip

S

smoothly. The problem was aggrevated by the pull
exerted by the tape in the reel assembly as it
winds. This flutter did not cause erratic fuaction-

ing of the phase-locked locop and further tests were

8 .l !-. H { ’

conducted. Later replacement of an associated
capstan bearing assembly reduced flutter to the

1% level. .

/.

‘ Flutter was measured by prcgramming a steady

A i

state frequency on an entire tape using a Hewlett-

S

Packard Model 211A square wave signal generator.

The output of the playback amplifier was fed to the

—

frequency discriminstor ZMR 182D. The cutput of

the discriminater was then fed through suitable

i

low pass filters to the Visicorder.

The results of this test showed that the ma-

1

chine had a peak-to-peak flutter value of 1..4%.

T

A typical Wisicerder chart of the flutter tests is
provided in Figure 17.
Amplitude Modulation

The tape used for the flutter test was played
back and the signals viewed on a Tektronix oscillo-~

[‘ scope 503. By reducing the sweep rate of the scope

LI
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to show the playback signal envelope, amplitude
modulation will appear as modulation of the en-
velope. The rercent modulaticn can then be czl-
culated,

The results s:howed an amrlitude mcdulation at
all times of lezs than 5%.

Jitter

The maximum jitter error which can be tolerated
is determined ty the relatisrship -f bit interval
to data pulze interval. U:zually abcout 10% jitter
can be permitted in a typical synchrorsus system,
The combined effects ~f :kew and gap scatter re-
duce the effective usable width ¢f any recovered
tape pulse. In order tc achieve relisble synchronous
readout, it becomes necessary to set up a system
so that considerable time shift cf the tape signsl
can be tolerated tefore errors occur.

Strcbing of data bits during quiescent periods
rather than at leading or trailirg edge: is an
effective method of insuring reliable overation.

Jitter was measured at REL by two methods. For
the prelimirary investigatory testing, with no logic
circuitry available, a square wave was recorded on
the tape through the recerd head drivers. The same
square wave gererator used in the flutter test was

used in the jitter test. The differentiated signal .

¢t
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trigger the s:ope, wnile at the o3me time the rela-

3

tive time snift of the negative-going pulse was
observed.
The secsnd method used for reszting jitter, with

logic circuitry avaliatle, was samiiar to the first
y ’

method ex:-:pt trne phase-locked loop system wzs used.

Q

The reference sigral #23 tne tiv :zync from tne leglce
circuitry. Percert jitter was a measure of thc maXi-
mum - deviz+tion from a mear positicn of tape data
pulse with rezpect U, the bit syrce.

The results :snowed a raximum jitmer of 10%.

Figure 18 i: 3 graphical repreczeuntation of typical

Gap scatter 1z a character:i=tic determined

ter is a measure of ire amount of miszalignment
of the gap pasitions zs it occcurs in co-planar,
interle :ved nezds.

Thisz test was cordacted ty reccrding the
same sigr.al on 311 tracks simualtsnedusly by
feeding a square wave signal intd the four re-

cord ampiifier: tied tcgether. A T2KLronix
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dual-traze -~:zillosccre tipe 531 with type C4
plug-in w22 u-<? f5r theze mea:uremintz. Cnly (re
of the four track: azs -elected <o trigpger tre
Scope. coXxtreme czare wi:s t:zken in mairtainin
accurate a3 po:sivle the trigger piint slong the
slepe of the waveform, Cre f *ne reuwziring three

signals wz:z als> di:played. With this meth.c,

ary fixea oiifcrencs ia posici-o of o0 .1 -
a furctiorn of gap scat*er (gap miz:liz-veau) coula

be seen. This time differernce waz then rezaily corn-
vertec to microincres, practical unins for expres-
sing gap scatter. This procedure waz reéepeated
using all four tracks as tne refevence zignal. A
typical value of garp scatter is 200 rmicroinches
baced on track 2 as a reference. rigurc 3 gives
otrer typical values of head gap scatter.,
b. Skew

Skew 1: 3 znift ir po:ition zinilar o scatter
except that 1% 1z of a varisble rature., Skew
pears as a sintusoidal tire il
error is meazuved from the icav-er e€r10r a: a ref-
erence., The same system wa: usea [°r rmeazuring
skew that was usea f
cal value of skew 15 = 129 micr-.necre:, figure 3

also gives otter ¢

«
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c. Combined ffects of Gap Scatter ana Skew
The combined effects of gap scatter and sxew
cause a bit cell displacement of aprroximately
350 microinches. This 1s based on a normal
bit cell width of 0.002 in. Since the gap scat-
ter is a fixea displacement, the resulting 120-
150 microinch shift due to skew effects only
amounts Lo 10% <f tie tit coll wiath. Tnis
reduces the usable width of the bit cell tut
not to the extent that operating range is af-
fected.
5. Acceleration/Deceleraticn Time

The acceleration/deceleration test was run at

QY]

all three envircnmental conditicns: =10 C, 25 C,
and 80 C. 4 suitable signal was reccrded én the
tape to provide an available eignal for rlaying
back. The Visicorder was set up with two galva-
nometers. One galvanometer was fed by the motor
power source in such a manner as to show defl
whenever the motor was turnea off or on. The
other galvanomenér received its signal from the play-
back emplifier. Witn the Visicorder on, the mozer
was allowed to reach sgpeed, then shut off.

The playback head and a line carrying dc when-
ever the recerd mator was on were counected to two

respective channels of a Visicoraer. The amplitude
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of the pen displacement causea by the reprcduced
signal was indicative of relative ‘ape speed. Dis-

placement of the other pen indicated the time at

-

which the motor power supply was removed. A typi-

——
\ i

cal chart of the output of tre ecceleration/decelera-
tion test is rejrodu.ed in Figure 19. This shows

tentative ximum acceleration and deceleraticn

H
¥

times at =10 C and minimum vcltage of:

2

record mode -- 0.4 sec accel

1.0 sec decel

C 3

playback mcde -- C.35 sec accel

oy
i 4

0.52 sec decel,

6. Motor Lecad

The rlayback motor was functionally tested for

H .; T l
b P [y

power consumption, output power, and bearing losses

i
[} !

at temperatures of - 15 C, room, and 80 C prior to

installation into the transyort. Fower output ana

L .

input power were measured at no leoad, maximum losza,

and stall at the four sgpeeds of 945, 1890, 3780, and

S

7560 rpm and at T % of each syeed. Cne motor was
F r

p———
L ;

calibrated to indicate its operating load in the

transport to determine hecw much power the transport

i

demanded.
The record motor was checked in the same manner

as the rlayback motor, except it was not tested at

,
AN
r

i )

—~
)
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Line R
{volts) Yo

T . 34 <
- 10% of its normal speed. Appendix I includes a

series of environmental performance datz sheets
for the motors.
Power Consumption

Power measursrents were taken only on the four
dc power lines. Fower consumption on the 2400-cycle
line was not measured because of noise problems
which could influence the readings. re results of

the power consumption tests are given belcw.
P

Motor Power Based Upon True Motor Recuirerments

Modified By Measured Power Supply Efficiency

Minimum Maximum

Powers (1 Fower (2)

Record 0.798 watts L.55 watts

Playback 0.84,7 watts 3.36 watts

(1) Minimum power at =10 C and maximum syeca
(2) Maximum power at -10 C and minimum speed

DC Line Fower Consurptinn

ecord Fower Playback Power
de (ma) Consumption (watts) Mede (ma) Consumpticn (watts)

+6

150 0.900 260 1.560
27 0.162 32 0.192
57 1.140 6iy 1.280

3.8 0.076 3.8 0.07¢6
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8: Phase- locked Lcop

This test was designed to analyze the perform-
ance of the integrator znd to determine the VCO
output limits. If the phase~locked loop system
acheives the lock concition, the inteérator outrut
is at 10 volts.

The first investigation of the phase-locked
loop systen was done using the breadbcara transiort.
Breadboard electronics were used in record and play-
back circuits but the integratcr ana VCO were simi-
lar to the prototype¢. This test revealea satisfac-
tory low speed operation of the servo but indicated

some instability at the higher rates.

The next test series was conducted with the preto-

type transport. Data was obtained showing excecsive
jitter -- over 10%. The most serious jitter occurea
at the highest rate, €72 bps. Following the filter
installation, a proglonged series of tests wre rer-
formed to determine overall system performance using
the phase-locked loog.
Leakage Rate

Based upon data received from the Parker Seal
Company, the maximum accepteble total leakgae rate
is 1000 cc per year at elevated temperatures. This
1000 cc per year divided by the total zeal length

of approximately 72 inches gives the leak rate per

o
!

-
4
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inch == 13.9 cc per inch per yezr. For roccom ten-
-perature creration, the maximum acceptavle lekuze
rate 1s 300 cc per yeazar total,

The Cil lass Spectrometer type 251104 lesk

Getecter vwas useu in this test. The recoruer,

with covers securea, was evacuztea to 10 rmicrons,

ey
L -

then back-filled with ary nitrogen. The unit w.a

again evacuated to 19 microns 204 thea Cotk~illcu

. i

with a 90-10% mixture of helium ana nitrogen to a

pressure of 20 psia. (When the fitting is removea

3

to plug the fill hole, this pressure rewuces to on

—
)

atmosrhere.) During the investigatcry stages o

this program, some mscourcients were taken using

~—

100% helium.

[\ buring the firct tests conaucted zt JEL, a 90-
10% mixture of helium ane nitrcgen was used. Tre

[4 initial tests performea at JPL were with ungualifica

(, covers, since the venuor hau not yet completeu hLis

- evaluation of previous failures. Initisl reaaings

at JPL showea an entruous leskage. The unit was

P
L. i

helium probea to determine the origin of the leak

—
3 .4

which was found to be & leaky connecter in the main

plate. The connecter assewbly that caucea the leak

3 -

was through a btlinag Lole in the side of the main
plate. This hcle was originally plarnea for use with

the vibration isolators and now no lenger usea. The

.
~\

hole was plugged.

e
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Subsequent leakage tests showed that the leak
rate was at its proper level at room terafperaturs --
about 4 cc rer inch per year. The unit was leak
checked after each vibration test in each of the
three planes with the same satisfactory results.,

Leakage tests were also conducted at the tem-
perature extremes. The system was placed in a thermal
vacuum chamber, and the temperature dropped to =20 C.
This was done in a bell jar with a pressure of 1972 mm
(0.01 microns) of Hg. Unfortunately, the leak ae-
tector .readings taken were completely invalid te-
cause of excessive residual noise.

The JPL tests were temporarily halted due tc
a JPL vacation shutdown, and the REL engineer re-
turned home. When JFL resumed the tests, prcblens
were encountered which indicated apparent excessive
leakage. When the machine was returned to RZL,
this problem was examined along witli the cother ne-
chanical problems that de'eloped at JFL.

To help solve the leakare rate problem, the
leaky screw hole in the side of the recorder main
plate was epoxy sealed using an epoxy recommended
by Ardel. Helicoils were installed with the thought
of eliminating the long stainless steel through-
plate screws originally used. A shorter coverall

screw length is now being used with much less thermal

o

/
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[“ expansion,

LD

Preliminzry tests
theory.

The basic configuration for

1

tional devices for preventing O
[, ing the sealing operation. Tre

is the same as thzt used cn the

r—
Lo
.

of Glendale, Califcrnia.

— oy o g 1
®

run with rlastic covers.

First Series

ha

plug has been changeu with emgpha

The results

tures when using tne metal covers.

test at atmospheric pressurs only.

vacuum test was waivered by JFL.

of JFL Tects gnd Fesulting

-8L-

veé berne out this
the gas-f1l1ll hcole

s5is on anti-rota-

=
[ oad

ng galling aur-
device now installeca

5 X 106 bit recorucr,

With this device, it 1s possible to get lorg term
stability from the O-ring bore ccnfiguraticn.
Prior to returning the machine to JIL, a serices

of leskage tests were conducted by Arcel Corporatica

showed ex-

cessive leskage at toth room and elevated tempera-

Consequently,

JPL and Kzl agreed to run the temperature extirem<s

The thermal

L4

The tape

(oA
02

conducted

in June, 19

r

attributed to the reel design.

B ]

-
I

P
3, aue tc a bound tape

vestigated at REL, and it was determined that the tape

reel spillea tape whenever surficient momentum was ap-

rlied to the recorder to czuse the reel to spin.

wire guide that was used during the JPL tests was B

The
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defective and caused percanent damage to the tzre. The
two major problems were that the tape would spill out
of the tape exit point forming a loop which would snag

on the wire guice &

’J

i the tarve woula cinch around the

-

[8})
’_Jo

reel hub causing z pinching effect which prevented the
reel assembly from moving. These problems, when cou-
pled with high teujcraturc softening of tre tape, causced
serious damage to the tagpe pack.

The original apgroach for solving *hese reel prob-
lems consisted of lightening thke reel hub anua cover. A
felt damping pad was also used to minimize any free
spinning of the reel when under the influence of shock
or vibration. This solved the problem, but fcr reascas
of reliability was act periwanently installeu.

A brake rechanisn was installed in the nachine
which mechanically clamps the reel ana prevents it
from turning. The brake mechanism contzins an elec-
tromagnetically-orerated latching solencvid. Tre solencid
carries an arm equipped with a pointed finger whizh
seats in a knurled area cut intc the extreme racius of
the reel cover. With this method, it is fossible to
pulse the btrake on or ¢ff using a standard 20-volt relay
circuit. The 107 bit tape recoraer was reworked to in-
stall this brake into the system.

Since it was felt that the tape used in the 107

bit tape recorder suffercd some mechanical instsbilivy,
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‘ rarticularly at the high temperature extremes, lMinne-

sota lMining and Manufacturing LR1353 tape was instzlled
in place oi the usual LR1220, with an improvement in
high temperature performance as discussew in pararrzrh
IT1.D of this report. Also, the carstan-to-capstan

.

speed differential was decreased from 2.5% to 0.275.

This reduced total tape tension, thereby reducin

ct

£
rra

)

jog
(&9

3 m

& "stiction." Tre cverall rosult is a drive systi:on

w

'™
2y

which the tape is jositively driven, using oaly a s

[ Sy
’_J
o
—~
t

™

differential to achieve proper tape tension acrcss the

heads. The increased tage drive belt pressure will

F"T

further isolate tare reel distrubances from the irse-

diate capstan area. Test results indicate a reductiocn

'_.l.

pr——y
- l|

in flutter, particularly tape "stictien" spikes, which

were formerly a source of severe trouble.

4

This reduction in capstan-to-capstzn speed differ-

—

ential appeared to solve the tape stiction problenm at

that time. However, during the seconu series of tests

™

at JPL, it was discovered that this adjustment had in-

curred other problems in the operating parameters of

L
.4

the recorder. This is discussed in greater detail in

™

paragraph IV.Z. of this rerort.

Other problems that occurred during the first

]

series of tests at JPL are as follows:

a. o0il seepage from the mctcr because of an ex-

‘i;T

cessively oiled bearing,

—

!



o

-t

< ’ . 3 ¢ ‘ 4 ’

o

— O

..._
e

nﬂﬂﬁ_

REL Final Report No. 618 -87-
W. 0. 1787 .

b. a poor hermetic seal cn one connecter which re-

quired replacing the conneciler,

c. poor threads in the gas vent Lole which caused

gas leakage at the (-ring scul,

e d. gas leakaege from s biind hole which hau been
made too deep and located on the s’de of the

chassis plate,

€. an inpropor.y secu . U

-

~

f. tape spillage from thle recl becauwse of insuf-
ficient btreak-in of the tape pricr to tencion

ad justment.

In spite of these uifficulties, the transpoert dem-

onstratea its ability tc pass lew and high frequency

vibration and static =acceleraticn.
Seecond 3iorics of JHL Tects =ana Jesultiap tosien Chonges
- . . - 7
Following the ussign changee of the 10 reccraer
resulting from the first JFL tests, the machine was re-

turnea to JPL in Octoter, 1963, for retesting. Frior

to any tests at JFPL, fliutter sureioents were taxen.

[

€

e

A

The ‘flutter was 1.2 Prua-to-pi:zk. This 1s quite

-

[

acceptuble  anu oyctem (puraticn wag very gold. The
vibration ana accelerztien phases ¢f the test program
were conuucteu using the plazstic ceovers proviuea by
REL.

The vitration test was run in accordance with JFL

specification 30257. The reel brake was set auring

R AN A
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the three planes testea. The crigina. sheck mounts
used in the original acceptance tests were sgain em-
rloyed. Following vibration in the three Flanes, the
machine was subjectea to flutter ana system tests.
There were no failures observea auring these tests.

The static acceleration test was conaucted in ac-
cordance with JPL specification 30257. Again, the
machine pessco with no inaicsaticn of failure.

Flutter was measured before Froceeuling to the
thermal portion of the test program. Normal flutter
readings were obtained. The recorder was rlacea in an
oven, and the temperature was reducea to =10 C. Fol-
lowing the prescribea soak time, the reccraer was re-
turned to room temperature. No difficuity was observea
in either operating moae and the measured flutter am—
plitude had not increased or changea in characteristics

After a weekend shutéown, the reccruer was subjected
to further temperature tests at 80 C. A4n increase in
flutter was noted ana the servo system showed abnormal
instability. Some doubt existed as to the nature of thre
trouble. Since spacecraft tests were being conductea
in the immediate area znu consiaerzble raaio frequency
radiation was takiig place, it was believea that this
rf noise might be causing the instability. Somelof
the trouble was later attributed to RFI effects, but
later it was determinea that the difficulty was aue to

. . . Qi
a machine malfunction. Observations at that time ‘



530

f:;‘ : ol Ld ?‘0 ‘:

=g}
(&3]
=
v
’—J

neport Lo, (1% : -89-

R |
=,
.
O
~J
*

inulcat:; scvere [lutter of a very acefinite pesic .
-
.. The Lol enzinscr, witn the agreesncat of Lie JFL
f. cognizant englueer, shut ucwn furtrer tests ana the
) reccraer was returned to oL,
[~ The first thing Rel wiu after analyzing th. re-
.
corucr was tc change the recl bearings. Replacenent
F
- of the bearings uccresseu the flutter to some extent~-—
- BLoul e LCovor, the Jlutier hat o presomincan 3
- cycle per sccond component. This freguency uld not
a oreelete with any knewn rotaticnal frequencies within
L.
the syseton.  Following nmere intensive analysis, the
- -
. ' souice of the 32 cycle per seconu component wWas traced
ﬁ. to 3 ciutch spring assembly. It was ceterminea that
- unuzr the loaa conaitions of the trensport, the spring
B clutch w:s frce to oscillate under thne shock of variable
- torque puladcs which are ncrwzlly present aue to tape
: irregularities. This was borne out by mechsnically
. locking the clutches sc¢ hat the overrice spring was
[~ no longer part of the torque transfer system.
[“ Locking the clutch ¢ iminated the 32 cycle per sec-
i ond signal but coula nct be usea as a repzir because
[j the clutch wmust be free to drive or slip, a usmzna
i which is uetermines by mecae selection. 4 shift to a
[u higher torque cperating roint was accemplisneu by in-
- creasing the carstan syeed aifferential by 0.297%,

oy

‘ bringingy the di

ferentisl up to 0.%w. This recuceu

ety
‘
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. .

the 32 cycle per seconu flutter by more tﬁaﬁ 2:1.
another problem encounterea during the seccond series
of tests at JPL was 3 serious low freqiency component
directly related to the capstan rotational frequency.
investigaticn finally seemea to indicate that the up~
strean capstan was causing the trouble. It was de-
terminea that oxide from the tape was building up on the
capstan. This preblem is discussed in detail! in para-
graph I1I.5. |
CONCLIZICHS

-
|

Tre 10' bit recoruz2r program culminated in the sue—
cesgful realizztion of a multiple-rate, high-storage capac—
1ty recoruer. J.ome preblems naturally occurred which have
seen discusced throughout this report.

Trhe tape and asscczlatea bearing problem was the most

rious enccunteved, rfurther modification of the clutch

o

design should eliminate the introduction of extraneous
flutte s components aue L0 rescnances.

Tare rei1abiiity is of prime importance in tape re-~
corder creration. Very little data is obtainable from ghe
tpe o onracrturers. - Fractically all information concern—
log effc e ¢f teperature, lubricity, and operating life
vas dete.nined 3t Lol by actus! operaticn in test trans-
portse I7is 12 a very expensive ind time consuming method.
rurure re-vsrch of varicus ﬁapeﬁ should e¢liminate the prob =
lensn encountered auring the &eve;opment o7 the 107 bit re-

/¢/
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REL has been conducting rescarch in the area of bearing

[. life and lubricant properties. Wwhile further tearing
r— stuaies are being conducted, no serious problems seem to
} exist. Bearing life has teen d:terrinea to such an ex-—
[ tent that reliability is quite high. The 107 bit recoraer
.. .
N program discussed in this report las ingicatca trat the

current bearings used in this rucorder are carablie of ex-
- celient life. The contarination cazcuitered ia tle toarin.s
- during the 107 bit recoruer de’elcprent origineted from ex-
B ternal sources, such as lubricant and oxige from the tage
. and Grarhitar from the overriue clutches. If these sources
- of contamination are eliminatc., the bearing life woulca
[‘ be even better than that in ths present machine.
) The motors usead in the 107 recoraer proved not to be
[- as difficult a rroblem as was criginally anticipatea. o
- serious difficulties were ex}.rienced in getting reliable
.. operation over the 8:1 speed range. Input Fower was slightly
~ higher than origianlly estimatzu, but the cverall figures
- are reasonable. In the future, delivery problems such as
[ were experienced early in this pregram will no longer exist,
L. ¥

inasmuch as REL is now producing these motcrs in-plant
—
¥ uncder license to h. C. Roters. e will be able to control
. design and fabrication to & grest:r cegree, thus enabling
L delivery dates anu test programs to be hanaled with greater
r efficiency.
i."
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The area of motcor arive systems is well under control,
and no future aifficulty shoulu arise if the present notor
philosophy is retainea.
The heads used in the 107 system worked cut very well.
Wear was found to be at a minimum, ana electrical ana me-
chanical parameters subject to little or no change. Skew
can be redﬁced to some extent by transpcrt design meaifi-
cations. Cap scatter i3 e manufacturiryg protlom, -1 future
work with the head vendors could yield assemblies having
improved gar alignment.
The design of variable gain playback aﬁplifiers was

quite successful. Novel approaches to the problems of low

input signal levels were usea. No aifficulty due to tem-

ct

i

perature drift was experienced. AC gain of these amplifier

&)

is quite constant over the specified temperature range cf
-10 C to +75 C; ana in most cases, parts selection 1s not
criticial. The ability of these amplifiers to work at low
input lévels, such as less than 100mvolts, with a signal-
to-noise ratio of LO db, indicates that machines may be
built in the future with high packing density and small
reels without severe limitations as were originally imposed
due to the use of conventional amplifier circuitvs.

Because of early test results and the improved. heads
used, RZL believea that the packing density coula be in-
creased to 500 bits per inch per track with no cegradation
in the overall performance of the recorder. Since the tape

s
. Vi

reel had been designed to accommodate sufficient tage for
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400 bits per inch, Ruel trica a wesign at 520 bits per inch
[ which yieldcu & total cterage capacity of 1.25 x 107 bits.

Results of the few tests performea at this increawca pack-

o3

ing density proveu that the machine coulu easily c¢jerate

with this higher “storazc capacity.
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TYP\CI\\_ GNP SCATTER ¢ SKEW TEST RE:ULT

TRACK L

TRACK 2 = REFERENCE TRACK |,

S\(EW—-T‘——I ———— REFERENCE L\NE (AS

21250 WORES

DETERMINED BY \(R:\CK 2)

125 MICRO-INCHES SCATTER

SKEW
. $\25UINCHES! l
IB_&_\SQ *% o125 MICRO-INCHZ 5 SCATTER
- SKEW .
- $500 \NC\-\EE—TF |
TRACK 4 25 MICRO-INCHES SCATTER
SCOPE TRIGGER o
Vo
——t r-—— ERROR DUETO
l SCKITER ¢ SXEW
-/
TRACE 2 \

FIGURE 3

TEST TRACK L 30RA4
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1.0

3.0

INTZRIM TEST PLAN

TYPE APPROVAL TESTING OF 107 2IT

MAGNETIC TAPE RECO2DEBXR

SCOPE
This document lists specific environmental tests to bé
performed on the 107 bit liagnetic Tape Recorder (liodel
1737) as part of its acceptance test program by Jet
Propulsion Laboratory in acccrdance with pertinent JPL
speéifications, and lists certain functional tests to

be performed on the mechanism, before, during, or after

environmental tests,

PURPOSE

The purpose of the Interim Test Plan is to define the
types of tests to be performed. The plan is termed
"Interim" because the mechanism is of an advanced

development status such that all physical details are

not necessarily representative of flightworthy equipment.

REFERENCES

The following documents are applicable to this Test

Plan:

JPL Specification Number 310094
JPL Specification Number 30236
JPL Specification Number 30257
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4.0 ENVIRONMENTAL TLSTS

L.l J3pecifications

Environmental tests shall te performed in accordance

{‘ with JPL Specification Number 30236 and Number 30257.
‘ L.2 General Frocedure
E Only those tests listed in the following paragraphs
. shall be performed. The secquence of tests may be
- other than as listed below. The recorder assembly
8 shall be subjected to sufficient functional tests
before, during, and after the environmental tests
i in order to determine whether its performance is
‘ satisfactory and stable. Functional tests are
[~ described in Section 5.
[* L.3 Ethylene Oxide Gas Sterilization Test
Per 30257 paragraph 4.1.1.2.
[j 4.4 RF Interference Tests
Per 30236, Class I.
[ L.5 Static Acceleration
[ Per 30257 paragraph 4.3.1.

4L.6 Vibration

Per 30257 paragraph 4.3.2 including midcourse

+

correction simulation.
L.7 Shock

Per 30257 paragraph 4.4.1, alternate (a) only.

Ll.,' { 3

L.8 Space Flight Temperature

[: Per 30257 paragraph 4.4.2, deleting thermal shock.

———
-
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5.0 FUNCTIONAL TESTS ON RECORDER MECHANIS!H

5.1 Purpose

These tests are intended to evaluate the condition
of the mechanical and eléctronic subtassemblies
before and after the environmental tests, and

where applicable to monitor the effects of
environmental extremes upon the subassemblies when
operation during the extreme conditions is required.

5.2 Specifications

The recorder performance shall be compared with
requirements of applicable sections of JPL
Specification Number 310094.

5.3 Special Provisions

Because of the extended period of time required for
one passage of the tape loop, certain electronic
operational tests before and after the environmental
series can better be performed with a short loop of
tape (3 - 6 feet) which is not wound in a reel.
However, tests whose data reflect the performance
of‘the‘transport itself (flutter, A.M., motor

load, etc.,)should be performed with a complete tape
reel assembly. DMost environmental tests will be
conducted in an ambient pressure of one atmosphere.
To simulate operating conditions for the cover

seal, it is necessary to pressurize the transport

assembly to two atmospheres absolute (90% nitrogen -

P
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10% Helium). Internal pressure should be reduced

to one atmosphere absolute for thermal-vacuum

[~ tests.
[ 5.4 Operational Checks
5.4.1 Recording
S Check the ability of the system to record at
g each of its record rates.
9 5.4.2 Flayback
o Check the ability of the system to playback
- at each of its playback rates.
il 5.4.3 Coding
é Check the coding of the sync track following
| [. each STOP #ZCORD command.
~[~ 5.4.4 End-of-Data Detection
Check the operation of the End-of-Data code
[; . "~ detection during playback.

5.4.5 End-of-Tape Detection

H :

Check the operation of the End-of-Tape

detection system during recording and

¢
[ 4

playback.

5.4.6 Pressure Transducer

Check the operation of the pressure transducer.

“ t}l!. [ i 3

Obtain calibration data during gas purging
and filling of the transport assembly.

5.4.7 Temperature Transducer

Check the operation of the temperature transducer.
/& ad
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i 2.5 terformance Checks
. 5.5.1 Flutter
L. Obtain Visicorder charts of flutter by
a recording and playing back at the maximum
’ record rate and at the maximumn playback
[ rate.

5.5.2 A.M,

L |
[ 5.5.3
[

o

7

5-5ol+

f )]

505‘5

—

Measure A.lM, using the recordings above.
Jitter

Obtain oscillographic or Visicorder records
of the time relationship between each channel
output during playback of the above signals.
Establish a time reference with respect to
the sync track in order that the data will
show the combined effects of transport

Jitter and skew plus head gap scatter and
azimuth error.

Acceleration/Decelaration Time

Use the abcve recordings in conjunction with
a Visicorder to measure transport acceleration
and deceleration time.

Motor Load

Determine the minimum supply voltage at
which each motor will start and run at the
varfous speeds. These data will be compared

with subsequent calibrations of the motors
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a ' to determine motzr load.

. 5.5.6 Power Consumption

Measure power drain from each source for
each operating mode and speed. Note current
waveforms where ripple is significant.

5.5.7 Phase Losked Loop

Obtain Visicordsr records of irtegretor out-
put during playback under all possible

synchronous playback conditicns. lNote the

time required to achieve lock. Obtain

’f> Visicorder or oscillographic records of
[‘ . each channel output prior to parallel-to-

serial conversion showing the time relation
to each channel's respective transfer pulse.

5.5.8 Leakage Rate

Measure the transport leakage rate, being
careful to note the gas mixture used and the
transport temperature during the measurement.
Note the pressure transducer reading from

time to time during the environmental tests.

‘ F. A. Stone:rw

February 18, 1963
(REL Master #736)




